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ABSTRACT
Analysis o f Factors Related to Pedestrian High Crash Locations
by
Natachai Wongchavalidkul
Shashi S. Nambisan, Ph.D., P.E., Examination Committee Chair 
Professor o f Civil and Environmental Engineering 
University o f Nevada, Las Vegas
This research presents model to identify on-network and off-network factors 
influencing high pedestrian crash locations. The models are based on statistical analyses 
o f crash data. These are illustrated using pedestrian crash data for the Las Vegas 
Metropolitan area, in Nevada, USA. Crash data were collected for a five year period 
(1996-2000) and analyzed. These pedestrian crashes are classified into intersection 
crashes and non intersection crashes based on distances from the reference street. A 
Geographic Information System (GIS) software program was used to develop crash 
density maps to help select high risk intersection locations and non intersection locations. 
Descriptive analysis technique (e.g., frequencies, rates, and proportions) are then applied 
to identify to screen the variables that are most likely related to these pedestrian risk 
locations. On-roadway and off-roadway variables were considered in this step. Next, 
principal component analysis and binary logistic regression analysis are the statistical 
methods used. The analyses indicate that intersections prone to higher pedestrian risk 
generally had the following predictors: areas: low income households, significant elderly 
population exposure, undivided roadways, commercial land use areas with six lane
111
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roadways, high concentration of African American population with poor light conditions 
and six lane roadway, and divided roadways. Likewise, pedestrians at non-intersection 
locations are more prone to risk close to residential and commercial areas, six lanes 
undivided roadways, low income residential area with dark or dusk light roadway 
conditions. The methods developed in this research are applicable to other urban 
settings. The results provide critical inputs to identifying on-roadway and off-roadway 
factors affecting pedestrian safety and to develop strategies to address the same.
IV
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CHAPTER 1
INTRODUCTION
Motivation
Walking is the most basic mode o f transportation for a wide variety o f travelers. The 
promotion of more walking trips not only helps the environment in terms of decreasing 
air pollution from motor vehicle emissions, but it also promotes more healthy population 
in the community. Even so, today, a decrease in the number of pedestrian trips is a big 
problem in the United States. According to the U.S. census counts and estimates, the 
number o f pedestrians walking to work in the United States has dropped more than 30 
percent from 1990 to 2000. On the other hand, the number o f pedestrian fatalities in the 
United States dropped approximately 27 percent in the last ten years, and the number o f 
pedestrians reported injured also dropped by 6,000, from 1995 to 2000 (Pedestrian and 
Bicycle Information Center, 2002). Thus, rather than conclude that walking in the street 
today is safer than in the past, lower numbers o f pedestrians might be one o f the reasons 
for the decreasing pedestrian crashes in the last ten years.
The comfort and demand o f individual travelers as pedestrians vary with physical 
roadway environments, socioeconomic situations, and the proximity o f potential 
attractors. In the last decade o f urban development in the Untied States, changing factors 
that favor motorists more than pedestrians are the key reasons for the decreasing numbers
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of pedestrians. Hence, the first move to enhance walking modes in any community 
would be improving the environments and safety for pedestrian travel mode. To do this, 
the densely pedestrian populated or high pedestrian crashes/accidents areas are usually 
the first targets.
As commonly used today, professional opinions and public hearing may not be 
accurate enough to select safety-implementation targets. To address these problems, 
several studies have tried to evaluate factors that would be related to pedestrian safety. 
The outcomes o f these studies have been used to assist elected officials, engineers, 
managers, and city planners in targeting and solving pedestrian safety problems. 
However, only a few of these studies have concentrated on the evaluation o f factors that 
might be differently related to high, medium, and low risk locations.
As mentioned earlier, the high pedestrian risk locations could possibly be the first 
targeted in developing pedestrian safety community. Therefore, the primary motivation 
for this research is to identify the factors that help explain pedestrian crashes between 
sites that pose the highest risk with sites that pose low risk. The outcomes will help 
better understand factors related to various levels o f pedestrian safety.
Problem Statement
Pedestrian crashes may be caused due to either “on-roadway” network or “off- 
roadway” network characteristics. Additionally, even though various studies have been 
tried to evaluate relationships of pedestrian crashes o f these on and off roadway network 
characteristics, few have evaluated both types o f characteristics together. Likewise, such 
studies have only attempted to evaluate the factors that are related to overall crashes in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the study areas. Therefore, the focus o f this study is to evaluate relationships between 
pedestrian crashes and these on and off network characteristics at locations with 
pedestrian high and low crash risks for pedestrians. Information and results o f these 
relationships may help planners and engineers to make better decisions related to 
pedestrian safety improvements in their communities.
Background of the Study Area
According to the Census Bureau (2001), Clark County, Nevada is one o f the fastest 
growing counties in the United States, with approximately 1,464,653 residents in 2001. 
The population in this area has grown 6.5 percent from 2000-2001, with an 85 percent 
increase, during the last decade. The Hispanic population in Clark County has grown 
from 11 percent of the total in 1990 to 22 percent of the total in 2000, with an estimated 
1,200-1,500 Hispanics immigrating to the area each month (RTC, 2002). Seventy-five 
percent o f the Las Vegas Hispanic population was bom outside o f the United States, 
suggesting a language barrier and related limitations on transportation opportunities. The 
Latin Chamber of Commerce estimates that by the year 2004, Hispanics will be the 
largest workforce in Clark County. Non-white residents, including African Americans 
and Asians, represent an additional 18 percent o f the total population.
About 11 percent of the population in Clark County is over 65 years o f age, and 25 
percent o f the overall population is under the age o f 18 years. The number o f children 
under 18 years of age in Hispanic families is significantly higher, representing 37 percent 
o f the Hispanic population. The culture of the Hispanic community and the needs of 
senior citizens set them apart from the majority o f the population, which often has easier
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access to motorized transportation. The data from Census Bureau (2001) show that about 
10 percent o f the total 591,761 housing units have no vehicles, and 40.5 percent o f these 
households own only one vehicle.
Furthermore, during the period o f 1990 -  2000, 420,825 jobs were added in the Las 
Vegas metropolitan area, and the total employment in the area was over 753,200 jobs. In 
the year 2000, 2.4 o f the population 16 years and over walked to work. According to 
Regional Transportation Commission of Southern Nevada (RTC, 2002), the growth of 
both population and employment in the metropolitan area have increased the daily 
vehicle miles traveled (VMT) by about 81 percent between 1990 and 2000. Despite the 
continued growth of the population and traffic, the number o f local streets rated in 
excellent condition in 2001, increased 4.9 percent (Clark County Public Work, 2001). 
The roadways in Clark County, Nevada are under the jurisdiction of the City of 
Henderson, the City of Las Vegas, the City o f North Las Vegas, City o f Mesquite, City o f 
Boulder City, Clark County, or the Nevada Department o f  Transportation (NDOT). 
Figure 1.1 shows the jurisdictions and major streets in the Las Vegas metropolitan area 
(primary focus of this project). Additionally, during the period from 1995-2001, transit 
ridership has increased by 97 percent, while fleet size increased by 56 percent and service 
hours increased by 68 percent (RTC, 2002). Finally, data show that there were a total of 
39,730 motor vehicle related crashes in Clark County in 1996. There were 42,844 such 
crashes in 1997, 43,438 crashes in 1998, 44,118 crashes in 1999, and 43,611 crashes in 
2000 in Clark County, Nevada (NDOT 2000, 2001). A summary o f crashes in Clark 
County, Nevada by severity is presented in Table 1.1. Figure 1.2 and 1.3 illustrated that 
in 1996-1999 Clark County, Nevada has experienced the highest rate o f fatal pedestrian
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crashes and pedestrian injury crashes when compared with urban counties having similar 
populations. Thus, the pedestrian safety problem in Clark County warrants immediate 
attention.
Scope of the Study
The study uses pedestrian crash records in the Las Vegas metropolitan area from 
1996-2000. Other information used includes demographic, population, and land use data. 
Briefly, the study includes evaluating overall crashes, identifying pedestrian high crash 
locations, and studying the relationships of high crash locations and various on- and off- 
roadway network characteristics. Geographic information system (GIS) tools, such as 
Arc GIS and ARC Info, are used to geo-code crash locations to street centerline map and 
to support analysis. Also, the statistical software such as SPSS and Minitab are used in 
this study.
Chapter 2 summarizes the existing literature related to the causes o f pedestrian 
crashes. Chapter 3 summarizes the pedestrian crash analysis methods. Chapter 4 
presents the methodology used in this research. Descriptive analysis of the selected risk 
pedestrian crash locations in the Las Vegas metropolitan area is discussed in Chapter 5. 
Chapter 6 presents the results o f evaluation o f factors related to pedestrian high crash 
locations. Finally, a summary and conclusions, and recommendations for further 
research are presented in Chapter 7.
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Table 1.1 Summary of Crashes by Severity in Clark County, NV
YEAR FATALCRASHES
INJURY
CRASHES
PROPERTY
DAMAGE
ONLY
TOTAL
1996 192 11,070 28,467 39,730
1997 188 12,951 29,704 42,844
1998 183 14,140 29,115 43^38
1999 174 14,797 29,146 44,118
2000 157 14,575 28,878 43,611
Fatal Crash Rate per 100,000 1997 0  1998 m  1999
4.0
3.0
2.5
2.0
0.5
0.0
Alameda Broward Clark King County, M aricopa O range San
County. CA  County, FL County, N V  W A County, AZ County, CA  Bernardino,
CA
San Diego 
County, CA
Santa Clara 
County, CA
County
Figure 1.2 Comparisons of Pedestrian Fatal Crash Rates (1997-1999)
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Injury C rash Rate per 100,000 population
70.0
1997 B 1998 1999
10.0 -
Alameda Claric County, M aricopa O range County, San Bernardino, San Diego Santa Clara 
County, C A  N V  County, AZ CA  CA  County, C A  County, CA
County
Figure 1.3 Comparisons o f Pedestrian Injury Crash Rates (1997-1999)
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CHAPTER 2
LITERATURE REVIEW 
In the previous chapter it was stated that the focus of this study is to evaluate the 
relationship o f several factors either on or off roadway network characteristics that would 
help identify high pedestrian crash locations. In order to achieve this goal the 
relationship o f roadway on and off network characteristics and pedestrian safety should 
be clarified. Therefore, the literature review focuses on defining the relationship between 
on /off roadway network characteristics and pedestrian safety. At the end o f this chapter, 
the results of literature review are the suggestion o f possible variables that could be used 
to evaluate pedestrian crashes.
On Roadway Network Characteristics and Pedestrian Safety 
This section classifies on network roadway characteristics related to pedestrian safety 
into two groups. The first group is roadway geometric features and pedestrian facilities. 
The second group is the capacity o f roadways, sidewalks, and crosswalks.
Roadway Geom etric Features and Pedestrian Facilities  
The American Association of State Highway and Transportation Officials (AASHTO, 
2001) stated that pedestrian facilities include the following: sidewalks, crosswalks, traffic 
control features, curb cuts, ramps, bus stops, loading areas, pedestrian grade separations.
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stairs, escalators, and elevators. Other roadway geometric features that affect pedestrian 
safety include, for example, fixed-source lighting, refuge islands, barriers, and traffic 
signals, etc. Often, improper design and operations o f these facilities and geometric 
features are causes of pedestrian crashes and collisions. A brief summary o f these 
roadway geometric features and pedestrian facilities to the pedestrian safety on the 
roadway are presented next.
Roadway Functions
The AASHTO (2001) classifies highway functional classes in broad terms of 
movement hierarchies and relationships in vehicle travel patterns. Each roadway 
functional class supports specific vehicle speeds and traffic volumes. Difference in 
roadway functions result in different potential for pedestrian crashes. According to 
National Highway Traffic Safety Administration (NHTSA, 2003), in 2001, urban roads 
accounted for almost two-thirds (64 percent) o f pedestrian fatalities with one-third of 
those occurring on other principal arterial roads. Additionally, urban principal arterial 
roads accounted for over 25 percent o f the pedestrians killed in single vehicle crashes. 
Type o f  Locations and Operations
AASHTO (2001) classifies pedestrian accident locations into two types of locations: 
intersection location and non-intersection location. Basically, based on number of 
intersecting legs, the intersection locations could classify into four types; the three-leg 
(T), the four-leg, the multi-leg, and others. Others are, for example, roundabout 
intersection and express way ramps intersecting with urban streets. For particular 
locations, in terms of roadway geometric conditions, AASHTO (2001) states that 
intersection types could also be classified by the topography, characters o f the
10
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intersecting highway, traffic patterns, and desired types o f operations. According to ITE 
(1998), pedestrian crashes in the age group o f 45-65 and older are higher at intersection 
than at non-intersection locations. Considering pedestrian crash types, non-intersection 
locations could be, for example, mid-block, sidewalk, and parking lot, etc. According to 
Zegeer et al (2002), sixty-five percent o f pedestrian accidents non-intersection locations 
involve child pedestrians.
Traffic Control Devices
According to AASEITO (2001), traffic control devices are signings, markings and 
markers, and traffic signals. Highway signs could be classified into three general types: 
regulatory signs, warning signs, and guide signs. Regulatory signs are used to specify 
rules for traffic movement. Warning signs are used to give information or warn road 
users about conditions that may involve risks. Guide signs are used to direct the traffic or 
give the destination to road users. Furthermore, marking and markers could also serve as 
either regulatory signs or warning signs. Marking and makers could generally be 
classified into three varieties: pavement markings, object markings, and delineator 
markings. Pavement markings are, for example, centerline stripes, lane lines, edge 
striping, stop and crosswalk lines, and various word / symbol markings, etc. Object 
markings are used where the physical obstructions could not be removed from the 
roadway, and need to be highlighted to road users in order to enhance their safety. 
Delineators could be used to delineate the roadway to reduce confusion where roadway 
alignments have subtle changes. Finally, traffic control signals are used to assign and 
control the right-of-way for both vehicles and pedestrians in the roadways. The Manual
11
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of Uniform Traffic Control Devices (MUTCD, 2000) provides additional discussions on 
design of traffic control devices and warrants for their use.
Intersection Alignment and Sight Distances
Different types of intersection alignments and inappropriate sight distances could 
expose pedestrians to different risks. AASHTO (2001) states that design of acute or 
obtuse intersections could cause high pedestrian risks. Acute intersections tend to limit 
visibility for drivers in large vehicles of pedestrians or other vehicles. Similarly, at 
obtuse angles, the drivers usually have blind areas on the right side o f the vehicle 
(AASHTO, 2001). ITE (1998) concluded that the ninety degree intersection alignment 
helps to reduce both crossing distances and conflicts between pedestrians and vehicles. 
Hence, the intersection alignment, which meets or nearly meets at right angles, is the best 
design option for both pedestrian and vehicular traffic. On the other hand, ITE (1998) 
made a comment that some bollards, landscaping, benches, or bus shelters can limit the 
available sight distance for vehicles and pedestrians. Inappropriate sight distances would 
block both drivers and pedestrians from oncoming traffics.
Turning Radii
The size o f turning radii at the intersection could affect pedestrian crossing distance, 
number o f conflicts between pedestrians and vehicles, and the speed o f turning vehicles. 
Mostly, the small turning radii could help to reduce speed of turning vehicles and to give 
pedestrians a better view around the intersection. However, turning radii should be large 
enough to accommodate design vehicles that have a large wheel bases and which require 
big turning radii. Inappropriate turning radii may cause vehicle to go on the curb and 
pose risks to pedestrians, who are on the curb.
12
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Cross Section Elements
Cross section elements that could affect pedestrian safety are lane widths, shoulders, 
curbs, drainages, sidewalks and walkways, traffic barriers, medians, and islands (ITE, 
1998). Generally, AASHTO (2001) recommends designing lane width between 9 - 1 2  
feet, with 12 feet lane predominant on most high-type highways. The use o f 10 and 11 
foot lane width may be acceptable in the location o f high pedestrian traffic volume or low 
traffic volume on the roadway. However, ITE (1998) is concerned that where narrow 
lanes (1 0 -1 1  feet) exist, ideally, the sidewalk should be designed to reduce conflicts 
between vehicle and pedestrian movements.
AASHTO (2001) states that shoulders are mainly used for accommodating stopped 
vehicles, emergency use, and lateral support o f sub-base, base, and surface courses. 
Shoulder width could vary from only 2 feet on minor road to 12 feet on major roadway, 
with a minimum 4 feet for serving pedestrian and bicycle traffic. ITE (1998) comments 
that even though the use o f shoulders for pedestrians should not be encouraged, the 
design o f shoulders should still consider the pedestrian safety.
Curbs could serve as any or all o f the following purposes; drainage control, roadway 
edge, delineation, right-of-way reduction, aesthetics, delineation o f pedestrian walkways, 
reduction of maintenance operations, and assistance in orderly roadside development. 
Even though vertical curb should not be provided along freeways or high speed 
roadways, it should be offered where there are low-speed roadways, tunnels, or narrow 
sidewalks. The vertical curbs can serve pedestrian safety, because they discourage 
vehicles from driving close to the sidewalk (AASHTO, 2001). Additionally, the design 
of curbs should consider accessibility for users with disabilities. ADAAG (1998) stated
13
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that curb ramps should be afforded wherever pedestrian / wheelchair accessible route 
crosses a curb. Additionally, for drainage, considerations that take care o f pedestrian 
safety include the design of inlet grates to protect pedestrians from slipping on the 
roadway.
In general, sidewalks should be constructed along any street or highway, but they 
should not be used as shoulders. Buffer areas for separating sidewalk from the roadway 
should be also established where appropriate and should be 4-6 feet in width. Sidewalk 
widths in residential areas may vary from 4 to 8 feet. ITE guidelines recommend a 
minimum sidewalk width o f 5 feet for serving pedestrians to walk side-by-side or to pass 
comfortably. The width of planter strips should be at least 2 feet for maintenance 
activities. At least an additional 2 feet should be provided when sidewalks are placed 
adjacent to the curb. Also, sidewalks with full border widths should be provided at high 
pedestrian traffic or pedestrian generated locations, such as commercial areas, bus stop 
locations, and schools (AASHTO, 2001). Additionally, sidewalk accessibility should be 
considered for all pedestrians, including disabled users.
AASHTO (2001) classifies traffic barriers into two types, longitudinal barriers and 
crash cushions. Longitudinal barriers, which include roadside and median barriers, are 
used to protect pedestrians from vehicles or vehicles from each other and from 
terrain/design hazard. ITE (1998) justifies sites where barriers m aybe installed as 
follows:
• Locations with high speed/ volume o f right turning vehicles serving children 
and elderly pedestrians
14
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• Mid-block locations, where crossing at a nearby intersection needs to be 
encouraged.
• The locations that need to encourage pedestrians to use underpass or 
overpass crossings
• Other hazardous sites where pedestrians need to be encouraged to cross the 
street at a certain location
Principally, medians are used to separate opposing traffic, to provide an area for out- 
of-control vehicles and other emergencies, to allow space for speed changing, left 
turning, and U-tuming vehicles, to minimize head light glare, and to provide width for 
future lanes. For pedestrian safety purposes, medians provide a refuge area for 
pedestrians while they are crossing the street, and reduce the number o f traffic conflicts 
(AASHTO, 2001). General length o f median width is from 4 to 80 feet or more. Further 
discussions in the designing of medians are provided in Chapter 4 o f a Policy of 
Geometric Design of Highway (AASHTO, 2001).
Ideally, islands should be provided when the total length o f a crosswalk is greater 
than 75 feet, where elderly pedestrians are highly concentrated in the areas, and where 
pedestrians could not cross the intersection within one signal cycle with a walking rate of 
3.5 second/feet or greater. Refuge islands could provide the following advantages: 
reducing the number of conflicts between pedestrians and vehicles, reducing pedestrian 
crossing time, protecting pedestrian from the traffic, and providing a stop point for slow 
pedestrians (ITE, 1998).
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Location o f  Utilities and Street Furniture
Utilities are, for example, fire hydrants, storm water drainage systems, sanitary sewer 
manholes, lines and laterals, and underground traffic signal hardware (ITE, 1998). Street 
furniture includes benches, bus shelters, trash receptacles, and water fountains. Furniture 
and utilities should be carefully placed in order to reduce an obstructed path for 
pedestrians (including those who are wheelchair bound) and to increase drivers’ views 
and pedestrians’ visibilities. Additionally, for utilities, the locations should be considered 
to reduce the effects o f pedestrian activities, when these utilities need to be relocated. 
Lighting
According to NHTSA (2003), in 2001, almost two-thirds o f the pedestrian fatalities 
occurred when the light condition was either dark or dark but illuminated. Also, for 
overall crashes, AASHTO (20001) stated that nighttime crashes are higher in number 
than crashes during the daytime. Hence, in locations where concentrations of 
pedestrians, roadside traffic, and intersection operations are needed, fixed-source lighting 
could increase the safety for both vehicles and pedestrians.
Curb Parking
According to ITE (1998), generally, fifty-percent o f pedestrian crashes in urban areas 
involve pedestrian dashes into the street at mid-block locations or intersections. A reason 
for these accidents is the reduced visibility due to on-street parking for both vehicles and 
pedestrians. On the other hand, however, on-street parking or curb parking helps to 
reduce vehicle speeds and to provide a buffer area between roadways and sidewalks. The 
issues o f curb parking restrictions and pedestrian safety are related to the level of 
congestion, the type o f roadway, and land use characteristics.
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Bus Stops
Safe, appropriate locations o f bus stops are another consideration o f designing for 
pedestrian safety. Placing bus stops close to intersections or crosswalk may block 
pedestrians’ views from approaching traffic or approaching drivers’ view from 
pedestrians. Relocating the bus stop to the far side o f the intersection could eliminate the 
sight-distance restriction caused by the bus (Zeegeer et al., 2002). However, ITE (1998) 
stated that far-side o f bus stop locations also have problems. For example, far-side bus 
stops could possibly increase operation times, and illegal parking could prevent buses 
from completely clearing the cross street. Additionally, far-side bus stops could also 
increase the numbers o f jaywalkers along roadways.
Roadway Capacity and Demand o f  Users
The Highway Capacity Manual (HCM, 2001) defines the meaning o f capacity for
vehicles and persons as the following:
Capacity is the maximum number o f vehicles or persons that can pass a 
given point during a specified period under prevailing roadway, traffic, 
and control conditions.
On the other hand, Roess, McShane, and Prassas (1998) describe the demand as the 
following:
Demand is a measure of the number o f vehicles (or passengers, or 
persons) waiting for service in the given time period, as distinct from the 
number that can be served.
Because capacity and demand are related to the number of travelers and the travel in a
certain period, the speed and the number o f travelers may be used as factors to indicate
the relationship o f demand, capacity, and the safety. For example, congested roadways
or facilities are the cause o f high number of conflicts among vehicles and pedestrian and
17
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pedestrians. AASHTO (2001) states that speed is often a contributing factor in crashes. 
The safest speed for any highway also depends on traffic volumes, cross-traffic volumes, 
roadside development, and spacing of intersecting roads. On a high speed roadway, 
motorists are less likely to see pedestrians and less likely to actually stop in time to avoid 
a crash (Zegeer et al., 2002). Further, high-traffic volumes can inhibit a person’s feeling 
o f safety and comfort and create a “fence effect”, where the street is almost an 
impenetrable barrier. Dewar and Olson (2001) discuss the effects o f pedestrian walking 
speed in intersection signal timing design. They are concerned that a significant 
pedestrian walking speed is slower than what had been proposed as a typical walking 
speed; 1.3 m/s (or 4 ft/s). Insufficient crossing time provided in the walking phase at 
intersections results in reduced safety for pedestrians.
A short summary o f other articles that discuss the relationship of on roadway network 
characteristics, both roadway geometric and capacity, and pedestrian safety follows.
Dickinson, Jr. and Hall (1976) investigated pedestrian accident reports in Maryland 
from 1970 to 1973. These concluded that the dominant factors of pedestrian hazardous 
locations are traffic conflicts, road conditions, night-time illumination, pedestrian and 
driver physical conditions, and pedestrians’ lack o f regard for their own safety.
Vecellio and Bowman (1994) studied the impact o f median types on pedestrian and 
vehicle. Three types o f medians are: raised, flush or two-way left-tum (TWTL), and 
undivided. These medians were evaluated to measure the effects of median types to 
pedestrian safety. The results concluded that locations with undivided medians had the 
highest pedestrian accidents rates. Also, in CBD locations, raised medians had the lowest
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pedestrian accident rates. However, in suburban locations, raised medians and TWTL 
medians had similar rates of pedestrian accidents.
Davis (1998) presented methods for estimating the effects o f traffic volume and speed 
on pedestrian safety for residential streets. A deterministic model o f a collision between a 
pedestrian and a vehicle is described. The end results provided two predictive indicators 
that can be used to identify promising sites for traffic calming.
Lord, Smiley, and Haro un (1998) examined pedestrian accidents with left-turning 
traffic at signalized intersections. The document mainly reviewed and discussed the 
literature on pedestrians and drivers with an emphasis on human factors. To that end, the 
article concluded that pedestrians are approximately four times more likely to be hit by 
left-turning rather than right-turning vehicles at signalized intersections. Drivers appear 
to have more problems making left-tums than right-turns or through maneuver. The 
visual search also causes pedestrian accidents with left-turning vehicles, especially with 
child and senior pedestrians. Finally, misunderstanding of traffic signals plays an 
important part o f pedestrian accidents with left-turning traffic.
Jacobsen, Anderson, Winn, Moffat, Agran, and Sarkar (2000) studied child pedestrian 
injuries on residential streets. In the residential locations, the results found that 
multifamily housing, number o f parked cars, and high pedestrian volume promoted child 
pedestrian crashes, whereas only vehicle speed and volume induced child -pedestrian 
crashes in nonresidential locations.
Insurance Institute for Highway Safety (2000) presented analyzed crash results across 
the country. Fewer than 2 percent o f pedestrian struck on roads with a speed limit of 25
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mph died. However, more than 22 percent o f struck pedestrians died where the speed 
limit was 55 mph or higher.
Chu and Baltes (2002) developed a level-of-service methodology for pedestrians 
crossing streets at midblock locations. This methodology can provide a measure of 
effectiveness that indicates pedestrians’ perceived quality of service in crossing roads at 
midblock locations. An objective o f this study is also to determine what variables are 
correlated with pedestrians’ perceived quality o f service of midblock crossings. The 
results showed that the level of crossing difficulty tend to increase with the width of 
painted medians, signal spacing, and turning movements.
Zegeer, Stewart, Huang, and Lagerwey (2001) analyzed pedestrian crashes in a 5 year 
period at 1,000 marked and another 1,000 un-marked crosswalks. The results revealed 
that on two-lane roads, marked and unmarked crosswalks had no differences in 
pedestrian crash rates. However, on multilane roads, marked crosswalks had higher 
pedestrian crash rates than unmarked crosswalks. Additionally, the authors also 
commented that raised medians provided a lower crash rate on multilane roads.
Davis (2001) presented a model that relates the severity o f struck pedestrian injuries 
to the speed o f the striking vehicle. After fitting the published data in the model, the 
results show similar patterns for children (ages 0-14 years) and adults (ages 15-59 years), 
but for elderly pedestrians (ages 60+ years), the crash injuries produced at lower impact 
speeds tended to be more severe than for the other two groups.
Leden (2002) analyzed a database which included pedestrian accident records, 
pedestrian and vehicle traffic flow, and intersection geometry. The analysis revealed that
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pedestrian risks decreased as pedestrian flow increased, and also pedestrian risks 
increased with increased traffic flow.
Hess, Moudon, and Matlick (2003) examined the relationship between pedestrian 
accidents locations on highway and urban arterials and transit corridors. The results 
concluded that bus stop usage is strongly associated with pedestrian collisions, along 
highway and urban arterials. The study also concluded that bus stop locations have a 
stronger relationship to pedestrian crash locations than retail locations, traffic volume, 
and the number of traffic lanes.
King (2003) examined the effect o f a raised median and redesigned intersection on 
pedestrian safety along a four lane suburban roadway in central New Jersey. Pedestrian 
exposure risk increased by 28 percent after installing a median and redesigning an 
intersection. The results also found that vehicle volumes did not affect pedestrian safety, 
and vehicle speeds were independent o f vehicle volumes.
Off Roadway Network Characteristics and Pedestrian Safety 
In the previous section, effects o f roadway on network factors are discussed and 
clarified to pedestrian safety. However, besides the on-network roadway characteristics, 
other factors that would cause pedestrian crashes still remain to be clarified. These 
factors usually are related to human elements: individual decisions, individual limitations, 
walking abilities, and personal motivations. Additionally, these human elements would 
be classified as off-network characteristics. Off-network characteristics include land use 
and demographic/socioeconomic characteristics.
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Neighborhood transportation and land use characteristics affect average pedestrian 
walking distances, durations, purposes, and secondary activities. Moudon, Hess, Snyder, 
and Stanilov (1997) commented that pedestrians walk more in urban areas than in 
suburban areas because of route directness and convenience o f pedestrian facilities. 
However, it could not be concluded that the number o f pedestrians will be higher in 
densely population areas. Handy (1996) and Loutzenheiser (1997) affirmed that urban 
land use patterns play an important role in influencing walking trips. Berkovitz (2001) 
stated that people who live in spread-out development patterns (sprawl) areas spend less 
time walking than do people, who live in mixed-land use, neo-traditional neighborhood, 
or well established neighborhoods, because sprawl requires more frequent and longer 
trips. It should also be noted that walking is particularly risky in metropolitan areas with 
a large percentage o f sprawl. In sprawl areas, the development tends to increase the 
number o f automobile owners; hence high speed and high volume roadways, which cause 
un-friendly pedestrian environments, exist in this type o f land use. On the other hand, 
mixed land use or neo-traditional neighborhood and smart growth planning seek to 
increase walking trips and to introduce more transportation benefits. Shriver (1997) also 
presented that in a traditional (or well established) neighborhood, walking activities are 
more likely due to daily life necessities, whereas modem neighborhood walking activities 
are mostly to maintain health and for recreation purposes. Celniker, Halbert, Chellman, 
and Ryan (1992), Shaw (1994), and Sale and Szplett (1997) discussed the benefits o f neo- 
traditional neighborhoods as follows:
• Serving a short walking distances and low speed traffic
• Streets focusing on automobile and pedestrian routes to every destination
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• Complex public spaces, containing traffic and parking
• Integral part o f a visual panorama, consisting o f trees, sidewalks, and buildings 
fronts
• Helping to balance the overall use o f the street
• Compatible in building size and locations in close proximity
• Establish different behavior patterns, characterized by neighborhoods with less
dependence on the automobile
Finally, it could be concluded that different land use characteristics promote various 
pedestrian demand, who are exposed to roadways or streets that increase the potential of 
crashes. However, urban forms or land use patterns also play an important role to induce 
pedestrian safety. For example, the differences of the sprawling neighborhood and the 
neo-traditional neighborhood as previously discussed lead to different o f pedestrian 
activity and also safety as perceived by pedestrians.
Even though land use characteristics and patterns play an important role in 
influencing walking trips, other factors that contribute to walking trips include age and 
car ownership. Handy (1996) and Loutzenheiser (1997) concluded that individual 
decisions, limitations, and motivations are the primary role in influencing walking trips, 
while urban form has a secondary role. For transportation planning, individual 
motivations, decisions, and limitations could be identified based on population 
demographic and socioeconomic characteristics such as ages, incomes, and auto 
ownerships. FHWA (1999) stated that age groups o f pedestrians present different 
chances of risks to accidents or death, when traveling on roadways. Pedestrians, ages 65 
and older, are 2 to 8 times more likely to die than younger pedestrians, when struck by
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vehicles. More specifically, child pedestrians have a greater risk o f accidents on 
roadways than adults, as they lack skills and experiences. Oxley, Ihsen, Fildes, and 
Charlton (2001) stated that age and age-related declines in physical, perceptual and 
cognitive function are associated with an increased likelihood o f making an unsafe 
crossing decision. Jordan (1998) analyzed 2,164 pedestrian-car crashes and their distance 
to the nearest school. The results discovered that only a few children were injured by 
cars near schools during opening, recess, and closing times. Children were more injured 
while they were en-route, traveling to or from schools, because they also play along such 
trips. Also, dart-outs, non-intersection crossings, traffic signals, and playing in the street 
are the principal crash types for children. For car ownership, Murakami and Young 
(1997) stated that low income households have an average of only 0.7 vehicles per adult, 
while other households have an average of more than 1 vehicle per adult. Therefore, 
people in low income households are more likely to walk than other income groups.
In addition, gender, ethnicities, and alcohol use are related to pedestrian crashes. 
Gender and ethnicity could be a reason of crashes as they present different 
communication skills and experiences on the roadways o f pedestrians. Baltes (1998) 
concluded from his study of crashes in Florida that white males were overrepresented in 
pedestrian crashes in Florida from 1990-1994, followed by African-American males, 
African-American females, Hispanic males, and Hispanic females, respectively.
Escobedo and Oritz (2002) stated that alcohol-related crashes in New Mexico were 
significantly associated with liquor outlet density. In fact, greater availability o f liquor 
outlets was associated with higher rates of alcohol-related crashes.
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Other interesting demographic characteristics which relate to pedestrian crashes are 
household characteristics and the number o f tourists. However, the discussions o f these 
characteristics in the relationship to pedestrian crashes have been limited in the literature.
Finally, other studies that consider relationships o f pedestrians in both on and off 
roadway network characteristics include the following:
Fontaine and Gourlet (1997) examined pedestrian characteristics from fatal accident 
reports, which occurred in France between March 1990 and February 1991. The results 
show that children and elderly are the most safety-risk pedestrian groups. Also, changing 
transportation modes and alcohol impairment also play an important factor in pedestrian 
fatal accidents.
Baltes (1998) analyzed crashes which involved pedestrians in Florida from 1990- 
1994 and concluded that young pedestrians and elderly pedestrians are more likely to 
suffer injuries when involved in crashes.
LaScala, Gerber, and Gruenewald (2000) used a spatial analysis to study the 
correlation between pedestrian injuries and demographic and environmental 
characteristics. They found that pedestrian injury rates were related to traffic flow, 
population density, age composition of the local population, unemployment, location of 
alcohol stores, gender, and education.
Simoncic (2001) analyzed a group of traffic accidents involving pedestrians, 
bicyclists, or motorcyclists in Slovenia. The results that were related to pedestrian 
accidents were as follows: pedestrians, age 60 years and more, are the most exposed 
group; night time accidents are more serious than daytime accidents, and Saturday and 
Sunday are the most risky days.
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Ivan and Qin (2001) investigated relationships between pedestrian exposure in rural 
areas o f Connecticut and related factors. The results show that the number o f lanes, area 
type, and sidewalk systems are the main factors that generated large number o f 
pedestrians in rural areas. They also found that population density and median income 
levels did not show a significant correlation to pedestrian activity levels.
Preusser, Wells, Williams, and Weinstein (2001) evaluated crash records in the year 
1998 in Baltimore, Washington. The results o f the 1998 crash records were compared to 
the results from the 1970s crash records. Results indicated substantial differences 
between crash patterns observed during the 1970s and those observed during 1998.
These problems are midblock dart-dash crashes with child pedestrians, driver and 
pedestrian errors, and turning vehicle conflicts.
McMahon, Zegeer, Duncan, Knoblauch, Stewart, and Khattak (2002) studied factors 
contributing to pedestrian crashes along roadways. A total o f 47 pedestrian crash sites 
and 94 comparison sites in Wake County, North Carolina were evaluated. The results 
concluded that physical factors found to be associated with pedestrian crash risks were: 
higher traffic volume, higher speed limit, the lack o f walkable areas, and the absence of 
sidewalks. Additionally, for the non-geometric factors the results indicate that 
unemployment, older housing stock, lower proportions of families within households, 
and more single-parent households were the main factors related to pedestrian crashes.
Chapter Summary
In this chapter, the literature on the potential factors related to pedestrian crash 
locations were summarized and reviewed. The possible factors related to pedestrian
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crash locations are summarized in table 2.1. Prior to this research, several studies have 
tried to evaluate all or some o f these factors. However, the methodologies and selected 
variables used in these studies are different depending on the objectives o f the studies and 
the availability o f data. The next chapter, chapter 3, presents a summary o f some 
methods used to evaluate pedestrian safety.
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Table 2.1 Summary o f the possible factors related to pedestrian crashes
FACTORS AUTHOR (S) YEAR
Traffic conflicts, road conditions, night time 
illumination, pedestrian and driver physical 
coditions, and pedestrian lack o f regard o f their 
own safety
Dickinson, Jr and 
Hall 1976
Undivided medians Vecellio and 
Bowman 1994
Children and elderly pedestrians, changing of 
transportation modes, and alcohol impairment Fontaine and Gourlet 1997
Traffic volume and speed Davis 1998
Left turning traffic conflicts, child and elderly 
pedestrians, and misunderstanding o f traffic signals
Lord, Smiley, and 
Haroun 1998
Distance o f children while they are traveling to 
school Jordan 1998
Age groups of pedestrians Pedestrian Safety Show 1999
Multifamily housing, number o f park cars, and 
pedestrian volume, vehicle speed, and traffic 
volume
Jacobsen, Anderson, 
Winn, Moffat, Agran, 
and Sarkar
2000
Traffic flow, population density, age composition 
o f the local population, unemployment, location of 
alcohol stores, gender, level o f education
LaScala, Gerber, and 
Gruenewald 2000
Crossing distance, restrictive and non-restrictive 
medians, existing crosswalks, signal timing, and 
signal spacing
Chu and Baltes 2001
Marked crosswalks on multilane
Zegeer, Stewart, 
Huang, and 
Lagerwey
2001
Speed o f vehicles Davis 2001
Age o f pedestrians Oxley, Ihsen, Fildes, and Charlton 2001
Pedestrian age 60 years old and older, night time 
accident, weekend Simoncic 2001
Pedestrian flow and traffic flow Leden 2002
Liquor outlet density Escobedo and Oritz 2002
Child pedestrians at mid-block locations and 
turning vehicle and pedestrian conflicts
McMahon, Zegeer, 
Duncan, Knoblauch, 
Stewart, and Khattak
2002
Bus stop locations, number o f transit riders, retail 
locations, traffic volume, number o f traffic lanes
Hess, Moudon, and 
Matlick 2003
Median and Redesigning intersection King 2003
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CHAPTER 3
SUMMARY OF PEDESTRIAN CRASH ANALYSIS METHODS 
Traditionally, a pedestrian crash analysis is based on the evaluation of pedestrian 
crash records in the study area. This evaluation could also be defined as descriptive 
analysis. Descriptive analysis is the first step to evaluate the normal view of accident 
characteristics and causes. The analysis would be conducted by developing cluster bar 
charts, where different characteristics and causes o f accidents are portrayed in relation to 
variations in the accident contributing factors (Al-Balissi, Aboul-Ela, & Sammour, 1990; 
Eck & Simpson, 1996; Fontaine & Gourlet, 1997; Baltes, 1998; Stutts & Hunter, 1999; 
Preusser, Wells, Williams, & Weinstein, 2002). However, this analysis can solve only a 
few problems in the safety implementations, such as selecting the target locations and 
pre-evaluating the causes o f accidents in study areas.
Other than descriptive analysis, studies have also tried to analyze crash records to 
evaluate and predict the causes of crashes at the selected locations or areas. Multivariate 
accident models were found to be the most commonly used method used in the literature 
review. Hence, this chapter focuses on summarizing multivariate accident models used 
in the pedestrian safety analysis area. Additionally, to avoid the problems or pitfalls from 
using the multivariate accident model, assumptions and concerns made in the literature 
are also discussed.
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Multivariate Accident Models 
Multivariate accident models could be classified into two classes: accident causation 
models and accident prediction models. The causation models are used to evaluate 
factors that could relate to accident causations. The coefficient o f various factors in the 
final causation model can be used to estimate the change in safety that would result from 
a change in that factor. On the other hand, the accident prediction models are intended to 
estimate the safety o f a location as a function of variables found to be the best predictors 
(NCHRP, 2001). Multivariate accident models commonly used in pedestrian safety 
analysis are linear regression, general linear regression (GLM), and several forms of 
logistic regression models. The following is a summary o f these methods.
Multiple Linear Regression Models 
Pawlovich (1998) used a backward linear regression and principal component 
analysis (PGA) to explore the relationship between crash incidence and underlying 
demographic, socioeconomic, and land use characteristics. The backward linear 
regression was first used to evaluate the association between crash rates and several 
independent variables. However, the model from backward elimination was found to 
have several limitations in selecting the most appropriate variables related to the crash 
rates. These limitations include the impacts of outliers and interrelated independent 
variables. Therefore, the PGA was performed on the selected independent variables to 
identify highly correlated groups o f variables.
Ghu and Baltes (2001) use a linear regression model to calibrate the level of 
pedestrian mid-block crossing difficulty. Independent variables used in this model are 
number o f elderly people, traffic volume, traffic speed, median types, the existance of
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crosswalks, and presence o f traffic signals. The result model was found to be useful in 
serving as an available tool for determining mid-block pedestrian level o f service.
Even though the linear regression models were successfully applied in some studies, 
in some situations, using linear regression models in crash data analysis will lead to 
errors or unsuitable results. NHTSA (2001) indicated that the use o f accident rate in 
safety analyses illustrated the inherent nonlinearity and the difficulties with the linear 
assumption. Oppe (1992) also argued that linear regression may not be nicely applied to 
the data structure that differs from the linear model. Espino, Gonzalez, and Gan (2003) 
and Vasudevan (2003) noted that by considering high pedestrian crash locations using 
average crash rates, a location with a high pedestrian crash frequency, but low overall 
crashes will not be identified as part o f high crash location. This problem is known as the 
regression to the mean (RTM). RTM is a situation where an abnormally high recorded 
number o f accidents at a certain location exists in the accident data, while the result of 
crash rate over the period o f time at this location is low (Elvik, 1997), (NCHRP, 2001), 
(Bernhardt and Virkler, 2002), and (Espino et al.,2003).
Generalized Linear Regression Models 
To overcome the problems of using linear regression, generalized linear regression 
models (GLM) were used by several authors. GLMs that found in pedestrian safety 
analysis are log-linear. Poisson, and negative binomial regression models. The 
discussions o f these studies are summarized next.
Al-Balbissi, Aboul-Ela, and Sammour (1990) used the log-linear regression model to 
study the child pedestrian causality and several variables related to city planning. The
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variables are road pattern, road density, population density, size o f green areas, and 
number of schools in the area.
Qin and Ivan (2001) also applied the log linear model to investigate the relationship 
between the weekly pedestrian exposure in rural area o f Connecticut and the following 
factors: population density, presence o f sidewalks, number o f lanes, area types, traffic 
control types, and median household incomes. The Tukey and Duncan multiple 
comparisons were also used in this model to select the most appropriate variables fit in 
the regression model.
Leden (2002) used the Poisson regression model to estimate the number o f accidents 
when evaluating the relationship between pedestrians and vehicle flow at the 
intersections in Hamilton, Canada.
Logistic Regression Models 
The objectives o f the aforementioned model were to build the prediction model or to 
study the relationship between number or estimated number of crashes and accident 
factors. However, in some pedestrian crash studies, the objective is to compare the 
groups o f study locations, for example the case and the control accident locations. This 
objective leads to the use o f dependent variable as the categorical variables rather than 
continuous variables. The categorical variables are for example the indication of case or 
control locations or the indication variable o f different level o f severity. Hence, both 
linear and GLM regression model cannot be applied to these types o f studies, because 
these models require the dependent variable to be the continuous variables. Instead, the 
logistic regression models are widely used in this type o f studies. The past studies that 
applied the logistic regression model are summarized next.
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Ivan, Garder, and Zajac (2001) used the ordered probit models to evaluate the effect 
o f roadway and area type features on pedestrian injury severity types in rural 
Connecticut. The ordered probit models presented the relationship between the level of 
severity and several covariate variables. The covariate variables used in this study are 
AADT, Speed, Roadway surface, and Illumination. Even though the ordered probit 
models can be used to explain the relationship between covariate variables and ordered 
dependent variables, this model cannot answer the relationship o f each variable to the 
individual level of dependent variables.
McMahon et al. (2002) used a case-control methodology and applied conditional and 
binary logistic model to determine the effect o f cross-sectional roadway design attributes 
and socioeconomic and other census block group data on the likelihood that a site is a 
crash site. In this study, a total o f 47 crash sites and 94 comparison sites are analyzed.
Moudon et al. (2003) used a binary logistic regression to study the relationship of 
pedestrian accident location and several variables including bus stop usages and land use 
characteristics. The model that conducted in this research can be used to evaluate 
whether study locations are a pedestrian accident location (PAL) or non pedestrian 
accident location (NPAL).
Chapter Summary
In this chapter, several types o f multivariate accident models applied in pedestrian 
safety analysis have been summarized. The binary logistic regression model would be a 
suitable analysis to be used in this study to evaluate the relationship between factors and 
several levels of pedestrian risk locations. Additionally, the PGA may be also used to
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reduce the variables used in the regression model. Also, the causation model would be 
the target model in this research. However, the predictive model could be also presented 
for later uses in the follow up studies. In the next chapter, research design, variable 
selections, and model building steps used are discussed.
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CHAPTER 4
RESEARCH METHODOLOGY 
As discussed in chapter 3, several methodologies and processes have been used to 
evaluate pedestrian crashes. The processes o f database building and analyses are 
dependent on both the objective o f a study and the availability o f data. For this research, 
figure 4.1 and figure 4.2 present the process of database building and analysis proposed 
in this research. Additionally, details of the methodology used in this research are 
presented next.
Pedestrian Crash Data
Traffic crash data are generally gathered from two sources: police reports and hospital 
records. Crash data from state Departments o f Transportation (DOTs) are mostly 
constructed from police crash reports. Normally, the police reports will contain traffic 
related data which could be used as information for roadway characteristics. This traffic 
related data includes the information about how crashes occurred and other technical 
information at the accident scenes that could contribute to the causes o f crashes.
However, until recently, no records o f o f f  roadway network characteristics were found in 
the police crash records. Data related to off-roadway network characteristics include 
ethnicity, type of injury, incomes, and specific cause of death are usually collected in the
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hospital records. This separate information is difficult and expensive to relate and link 
back to one single data base (TSC, 2003).
To compensate for this problem, this research uses state DOT crash data as the main 
source o f pedestrian crash locations and on roadway network characteristics. Data for off 
roadway network characteristics will be gathered from census block groups and 
assessor’s parcel data. After selecting high risk pedestrian locations, discussed later in 
this chapter, off roadway network characteristics are evaluated for each high risk 
locations. Discussions o f these crash databases will be provided later in this chapter.
To identify pedestrian crash locations, state DOT crash data are used. Until recently, 
state DOT stored crash location related information in databases on one o f the three 
reference systems; street name/reference street name, mile post or street address. The 
street name/reference street name location referencing system is mostly used in urban 
areas whereas mile post referencing system is used in rural areas. Mid-block locations 
are sometimes referenced using street address. Based on these reference systems, 
pedestrian crash locations are identified using the address match feature available in GIS 
software programs (in this case ARC/INFO). The address match feature is used for geo 
coding crash data based on the street centerline networks.
Finally, two groups o f pedestrian crashes are classified. These two groups are 
intersection and non-intersection pedestrian crashes. The intersection pedestrian crashes 
are defined where crashes occurred no farther than 200 feet from the reference 
intersections, where crashes occurred farther than 200 feet are non-intersection crashes.
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CRASHES 
GEO CODED > 200ft
PEDESTRAIN CRASH DATA
Intersection
Crashes
Non-Intersection
Crashes
VARIABLES SCREENING
Descriptive analysis o f  crash data at 
the selected locations
BINARY LO G ISTIC  REG RESSIO N  ANALYSIS
Model 1: 0 -  Low crash rates, 1 -  High crash rates (using median as a cut point) 
Model 2 : 0 -  Low crash rates, 1 -  High crash rates (using Q3 as a cut point) 
p.s. The analyses are using the factor scores from PCA as independent variables
PRINCIPAL COMPONENT ANALYSIS (PCA)
The purpose o f using PCA in this research is mainly for reducing the 
correlation between the existing variables. Hence, principal 
components scores are used for regression analysis instead o f  existing 
value o f  original variables.
EVALUATE LEVEL OF RISK LOCATIONS
1) Calculate crash rate at each risk locations 
(Number o f  crashes / million vehicles per year per lane)
2) Identify high crash rate locations and low  crash rate 
locations using Median o f  crash rates as a cut point
3) Identify high crash rate locations and low  crash rate 
locations using 3rd o f  crash rates as a cut point
DATA BASE AND DATA DEVELOPMENT
■ Build crash density map
■ Select risk locations
■ Buffer the risk locations (200 ft)
■ Gather crash records in the selected hot spot buffers
* Collect other data (land use, demographic, AADT, etc.)
p.s. See figure 4.2 for data base structure
Figure 4.1 Database building and analysis process
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STATE DOT CRASH DATA
LOCATION CODE
CRASH SERIAL
ROADW AY CLASSIFICATION
ROADW AY FUNCTIONAL 
CLASSIFICATION
TYPE OF TRAFFIC 
CONTROLS
POSTED SPEED LIMIT
LIGHT CONDITION
PEDESTRIAN AGE
HOUSEHOLD INCOMES
LOCATION CODE 
<$20K
$20K TO $50K  
>$50K
Note: using data from  census block groups
LOCATION CODE 
TOTAL CRASHES 
TOTAL FLOW / LANE 
CRASH RATE 
GROUP
Note: using data from planning model
CRASH RATE
LAND USE CHARACTERISTICS
LOCATION CODE
RESIDENTIAL
COMMERCIAL
NON-PROFIT FACILITIES
TRANSPORTATION UTILITIES
Note: using data from  assessor parcels
POPULATION AGE GROUPS
LOCATION CODE
AGE UNDER 5 YEARS OLD
AGE 5 TO 17 YEARS OLD
AGE 18 TO 54 YEARS OLD
AGE 55 YEARS OLD AND OLDER
Note: using data from  census block groups
ETHNICITY
LOCATION CODE 
TOTAL POPULATION 
AFRICAN AMERICAN  
ASIAN  
CAUCASIAN  
HISPANIC LATINO 
PACIFIC ISLANDER  
OTHERS
Note: using data from  census block groups
Figure 4.2 Database structure
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Pedestrian Risk Locations
The first step in the process o f improving pedestrian safety is to identify locations or 
areas where pedestrian crash problems exist and where engineering, education, and 
enforcement measures will be most beneficial. In this study, these locations are termed 
as pedestrian risk locations. For identification of pedestrian risk locations, a 
computerized Geographic Information System (GIS) has been widely used. For example, 
two high pedestrian crash locations which account for 30 percent o f all pedestrian crashes 
were identified in Hartford County, Connecticut based on address matched crash data for 
analysis (Braddock, Lapidus, Cromly, Burke, and Banco, 1994). In a different context, 
three-mile buffer zones were created around three clustered areas using GIS to study 
moped safety in Hawaii. The temporal variations, environmental characteristics, and 
crash characteristics of these spatially distributed moped crashes were then studied (Kim, 
Takeyama, and Nitz, 1995). Moreover, a simple method called nearest neighborhood 
analysis was used to identify risk locations in a mid-block pedestrian safety study (Cui 
and Nambisan, 2003).
One o f the GIS features that was discussed in the literature is the density map 
calculation in the spatial analysis feature. Density surfaces are good for illustrating 
concentration of point or line locations. Environmental System Research Institute (ESRI) 
defined density as a calculation o f the quantity o f something per unit o f area such as the 
number o f annual lighting strikes per acre. In the Arc GIS 8.1, the density surface may 
be calculated in one of two ways: simple and kernel. Both methods employ a circular 
neighborhood or search area to make the density calculation. However, the kernel 
density calculation has a more mathematically sophisticated way to calculate surface
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density. Kernel density calculates the density surface by drawing a circular 
neighborhood around each sample point and then applies a math function that goes from 
1 at the center point to 0 at the boundary. Figure 4.3 presents a sample o f circular 
distribution around a datum point. Moreover, after a kernel function is applied to each 
datum point, the density surface value is then calculated by adding the values o f all the 
kernel surfaces in each grid cell. The grid cells that fall in multiple kernels locations are 
calculated by adding the values o f the entire overlay kernel surface (ESRI, 2003). Figure 
4.4 presents the multiple sample points where the kernels are overlaid. The kernel 
method is adopted in this study.
Results from density map calculation will provide a continuous density surface from a 
set o f input features, point feature (crash locations) in this research. On the other hand, 
the continuous density surface is a crash distribution over a study area. Figure 4.5 
present example o f results from density map. To indicate pedestrian risk locations, the 
first temporal level o f density surface is taken off. For example, in figure 4.5, the 
temporal level 0 is taken off. Hence, the remaining temporal levels could be clearly used 
to spot locations where the high concentration o f pedestrian crashes occurred. However, 
it should be noted that all o f these locations are not the high risk locations. These 
pedestrian risk locations could be classified as High or Low Crash locations.
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S a m p l e  point
Figure 4.3 Sample o f circular distribution around a datum point 
(Source; http://www.csri.com)
Figure 4.4 Multiple sample points with overlaid kernel 
(Source: http://www.esri.com)
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Figure 4.5 Example of crash density map
Databases and Data Development 
After selecting pedestrian risk locations, the next step is to develop databases for use 
in the analysis. The structure o f these databases was presented in figure 2. Microsoft 
Access software is used to construct and link these databases. From figure 2, the main 
crash database consists o f pedestrian crash data gathered from state DOT and pedestrian 
risk location data formed in the previous section. Generally, pedestrian crash data 
consisted o f aggregated collision data. On network roadway characteristics used in this 
study are gathered from these aggregated collision data. On the other hand, pedestrian 
risk locations are codes o f a risk location that each pedestrian crash falls into. These 
location codes are used to link main databases and sub-class databases. Sub-class 
databases are: crash rate, population ethnicity, population incomes, population age 
groups, and land use characteristics. Finally, each aggregated pedestrian crash record 
includes on-roadway network characteristics, off-roadway network characteristics, and 
crash rates. The details o f these data are presented next.
On-Roadway Network Characteristic Data 
As previously discussed, on-network roadway characteristic data are gathered 
primarily from the state DOT crash database or the main crash data base constructed for 
this research. On-roadway network characteristics used in this study are: posted speed 
limit, roadway functional class, roadway classification, and light condition. Each of these 
is divided into sub categories as follows:
• Speed limit: 25 mph, 30 mph, 35 mph, 40 mph, and 45 mph.
• Roadway functional classification: interstate rural, interstate urban, principal 
arterial urban, minor arterial urban, collector urban and local urban.
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• Roadway classification; one way-marked, 2 lanes-marked, 2 lanes-unmarked, 
4 lanes-divided, 4 lanes-undivided, one way/two lanes, one way/ 3 or more 
lanes, 6 lanes divided, 6 lanes-undivided, 8 lanes-divided, 8 lanes-undivided, 
and 10 or more lanes-divided.
• Light condition: day light and dark/dusk light condition.
• Traffic control: signal lights-in operation, stop sign, yield sign, speed control 
zone, office or flagman, and no controls.
O ff Roadway Network Characteristic Data 
Off-roadway network characteristic data used in this study are: minority population, 
household incomes, population age groups, and land use characteristics. Minority 
population, household incomes, and population age groups data are gathered from the 
census block group data available from the United States Census Bureau’s website 
(http://www.census.gov). On the other hand, the land use characteristics data are 
gathered from assessor parcel data from the Assessor’s office Geographic Information 
System Data (http://www.co.clark.nv.us/ceit/gismo/gismo.htm). These off-roadway 
network characteristic data are evaluated based on a half mile buffer distances from each 
pedestrian risk location. Half mile buffer zones are used because of the conjecture that 
pedestrians generally walk not farther than a half mile. Finally, each o f these off 
roadway network characteristics data is divided as follows:
• Minority population: African American, Asian-Pacific Islander, Hispanic 
Latino, and Total population in the area.
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• Household incomes: household income lesser than $20,000, Household 
income between $20,000 to $50,000, and household incomes greater than 
$50,000.
• Population age groups: population age less than 5 years old, population age 
between 5 to 17 years old, population age between 18 to 54 years old, and 
population age 55 years old and greater.
• Land use characteristics: Residential, Industrial, Commercial and Minor 
Improvement, Non-Profit Community Facilities, and 
Transportations/Communications/Utilities.
Crash Rate Data
In this study, crash rates are used to classify level of pedestrian risk locations. Using 
crash rates as the data for analysis has been discussed in several safety analysis articles. 
From the review in chapter 3, the main concerns are the effects o f RTM. This problem 
usually exists at the locations where one o f the study periods has a high number of 
crashes, while other study periods have slightly low numbers o f crashes. For example, 
the number o f crashes at intersection “A” in 2000 could be 8 crashes, while the number 
of crashes at this location in 1996, 1997, 1998, and 1999 are 2, 3, I, and 2 respectively. 
The average crashes at intersection “A” will be only 3.2 crashes/ year, which would rank 
this crash location lower than expected. However, it should be noted that crash rates 
used in this study are based on Average Daily Traffic (ADT), not number o f year. 
Additionally, in this research, the crash rate data are used only for a grouping purpose, 
not for ranking purpose. Hence, the RTM problems are expected to be only slightly
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affected to the results. The steps in conducting crash rate and level (group) of pedestrian
risk locations are presented next.
Step 1: Buffer Pedestrian Risk Locations
Two hundred foot buffers are drawn around each pedestrian risk location. These
buffers signify pedestrian risk areas. After drawing these buffers at each location, the
numbers o f crashes that fall into each pedestrian risk areas are then counted. The ADT in
each pedestrian risk area is also determined. Both number of pedestrian crashes and
ADT are used to calculate crash rate in the next step.
Step 2: Calculate Crash Rate
Crash rates at each location are calculated as the following formulation.
Crash Rate = Number of Pedestrian Crashes
ADT / lane
Step 3: Identify High and Low Crash Location Groups
Crash rates calculated in previous step are used to group the locations into high and 
low pedestrian crash groups. To group the locations, two methods are used in this 
research. The first method is using the median as a cut-off point o f high and low crash 
rates. The second method is using the 3’̂'* quartile (Q3) as a cut-off point o f high and low 
crash rates.
The results o f grouping crash rates will be used in the regression analysis to identify 
the factors related to high pedestrian crash locations. Thus, in this section, all data used 
in the analysis are discussed. Table 4.1 shows the principal variables used in the study 
which are derived from the data described above.
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Table 4.1 Summary o f principal variables
VARIABLES ABBREVIATION
Pedestrian crash serial number SERIAL
Location code LOC_CODE
Group o f crash rates GROUP
Location total flow per lane (in 1000
vehicles) FPL
Location crash rate C RATE
On Roadway Network Variables
Speed limit (25, 30, 35, 40, 45 mph) SPL
Roadway functional class
Interstate rural FI
Interstate urban F2
Principal arterial urban F4
Minor Arterial urban F6
Collector urban F9
Local urban F ll
Raadway classification
One way - marked R1
2 lanes - marked (one each direction) R3
2 lanes - unmarked (one each direction) R4
4 lanes - divided R5
4 lanes - undivided R7
One way/two lanes RIO
One way/ 3 or more lanes R ll
6 lanes - divided R12
6 lanes - undivided R13
8 lanes - divided R14
8 lanes - undivided R15
10 or more lanes - divided R16
Light condition LITC
(Day light-0. Dark and Dusk-1)
Traffic control
Signal lights - in operation T1
Stop sign T3
Yield sign T4
Speed control zone T6
Officer or flagman T9
No controls T15
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Table 4.1 Summary of principal variables (Continue)
O ff Roadway Network Variables
Total of Afarican American population AFAM
Total of Asian population ASIAN
Total o f Caucasian population CAU
Total o f Hispanic population HISP
Total o f Pacific Islanders population PACBF
Household income under $20,000 1NCUND20
Household income under $20,000-$50,000 lNC20to50
Household income over $50,000 1NCOV50
Age under 5 AGEU5
Age 5 to 17 A5_17
Age 18 to 54 A18_54
Age 55 & over A550V
Vacant area VACANT
Residential area RES
Commercial and minor improvement area COM
Non-profit community facilities 
Transportations / communications /
NONP
utilities TRANS
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Data Analysis
Two types o f data analysis are conducted in this research. They are: descriptive 
analysis o f selected pedestrian risk locations, and an analysis o f factors related to 
pedestrian high crash locations. The details of these analyses are presented next.
Descriptive analysis o f  the pedestrian risk locations 
Descriptive analysis o f pedestrian risk locations is used to study the general 
characteristic o f the selected risk locations. The results o f this analysis will be a useful 
source for selecting and screening variables that are most probably related to the crashes 
at the pedestrian risk locations. These selected factors will then later be used for 
statistical analysis in evaluating factors related to pedestrian high crash locations. 
Additionally, the descriptive analyses are applied in each type o f risk location, both 
intersection risk locations and non-intersection risk locations. The details o f descriptive 
analysis applied for each data are presented next.
Descriptive analysis o f  the on roadway network variables
Data for on roadway network variables are not required to be normalized for locations 
in the study area. Therefore, a simple percentage calculation o f crashes can be directly 
applied to study the relationship o f this data and pedestrian crashes at the risk locations. 
The following formula is used for the percentage calculation o f on roadway network 
variables.
V.. 
p , , = ^ J ^ n o o  (4.1)
y=i
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Where;
Pkj = Percent of crashes in speed limit group j and risk location type k 
Nkj = Number o f crashes in group j and risk locations type k 
k = 1 - intersection locations, 2-non intersection locations 
j = see table 4.2
Descriptive analysis o f  the o ff roadway network variables
Off-roadway network characteristic data could be affected by the locations o f crashes. 
For example, the age group that has a high numbers o f pedestrian crashes may be because 
o f a high concentration o f population in that age group. Hence, consideration of 
pedestrian exposure or the normalization o f these data should be done. In this study, for 
demographic data, population densities and household densities at the study areas are 
used to normalize the data. For land use data, areas for each type o f land use 
characteristics are used as the normalization.
To evaluate the population age groups, the percentages calculation is applied for both 
the percent o f crashes by age groups and the percent o f population in the study area by 
age group. Finally, the ratios between percent of crashes and percent of population in 
each age group are used to determine the relationship o f pedestrian crashes and age 
groups. The following formulae are the mathematical explanation o f these calculations.
----------- (4.2)
7=1
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SPL Fj Rj LITC Tj
I 25 mph Interstate rural One way-marked roadway Day light condition Signal light
2 30 mph Interstate urban Two lanes-marked roadway
Dark or dusk light 
condition Signals are in operation
3 35 mph
Principal arterial 
urban
Two lanes-unmarked 
roadway Sign location
4 40 mph Minor arterial urban Four lanes-divided Yield sign
5
>= 45 
mph Collector urban Four lanes-undivided Speed control zone
6 Local urban One way/two lanes
Office or flagman in 
duties
7
One way/ three or more 
lanes No control locations
8 Six lanes divided
9 Six lanes-undivided
10 Eight lanes-divided
11 Eight lanes-undivided
12 Ten or more lanes-divided
13
Note:
SPL : posted speed limit
Fj : Roadway functional classification
Rj : Roadway classification
LITC : Light condition
Tj : Type o f  traffic control devices
M  ki
f t i = ^ r - ^ * 1 0 0 ----------- (4.3)
Z M ,
7=1
------------
Where:
Nkj = Number o f crashes in data group j and risk locations type k
Mkj -  Population in study zone (half mile buffer zone in each risk location) in data group 
j and risk location type k 
Pkj = Percent o f crashes in data group j and risk location type k 
Qkj = Percent o f population in data group j and risk location type k 
Rkj = Ratio between percent of crashes and percent o f population in data group j and risk 
location type k 
k = 1- intersection locations, 2- non intersection locations 
j = 1- age less than 5 years old 
= 2- population age between 5 to 17 years old 
= 3- population age between 18 to 54 years old 
= 4- and population age 55 years old and greater
The calculation processes for other off roadway network characteristics include: 
minority population, household incomes, and land use characteristics, are similar. 
Currently, the state DOT crash database does not contain these off roadway network 
characteristics data. Therefore, as mentioned earlier in this chapter, the census block 
group data are used as proxies to support the analysis for minority population and
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household incomes. The assessor parcel’s land use data are used as proxies to support the 
analysis for land use characteristics.
To consider the relationship between pedestrian crashes and these off roadway 
network characteristics, first the distributions o f each data based by group based 
concentration (j) are considered. For example, the proportion o f population in the 
vicinity (a half mile buffer zone) of the pedestrian risk location belonging to a specific 
minority group is evaluated. Specifically, for the African American population group, 
the following groups based concentrations are considered:
a) African American population accounted for less than 10 percent o f the total 
minority population,
b) African American population accounted for 10 to 20 percent o f the total minority 
population,
c) African American population accounted for 20 to 30 percent o f the total minority 
population, and
d) African American population accounted for greater than 30 percent o f the total 
minority population.
The same distributions are also applied to other off roadway network data. Table 4.3 
summarized the group based concentration (j) for each off roadway network data. 
Following these group based concentration, the sum of specific variables from each risk 
locations is calculated. Also, the number o f crashes and zones belonging to each group 
based concentration are also evaluated. Based on this information, two proportions by 
each group based concentration are then calculated. These proportions are population, 
households or land use areas per zone and crashes per zone. Finally, the ratios o f the
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percentage of crashes per zone and the percentage of population, households, or land use 
areas per zone are used to determine the relationship o f pedestrian crashes and each off 
roadway network variables’ group concentration. The following formulae are used for 
these calculations.
NP,
-----------
N C ,
-------------
RPuP„  (4.7)
Z ^ f ,
./=1
Q , l = ^ ----------------- (4 .8)
Z ' ^ c ,
7=1
 (49)
Uy
Where
NPkj = Population, households, or land use areas in concentration group j and location 
type k
NCkj = Crashes in concentration group j and location type k 
NZkj = Number of zones in concentration group j and location type k 
RPkj = proportion of population, households, or land use areas per zone in concentration 
group j and location type k 
RCkj = proportion o f crashes per zone in concentration group j and location type k
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Pkj = Percentage o f population, households, or land use areas per zone in concentration 
group j and location type k 
Qkj = Percentage o f crashes per zone in concentration group j and location type k 
Rkj = Proportion between percent o f population, households, or land use areas per zone 
and percentage of crashes per zones in concentration group j and location type k 
k =  1-intersection, 2-non-intersection 
j = see table 4.3
Furthermore, it should be noted that, before evaluating the land use characteristics as 
processes discussed previously, the analysis concentrates on finding types o f land use 
proximate to each pedestrian crash locations. In this evaluation, one hundred feet buffer 
zones are drawn for each pedestrian crash location. These buffer zones are then overlaid 
on the assessor’s parcel data layer for identifying types o f land use that are proximate to 
each crash locations. The summary of land use types and number o f crashes provides 
information regarding the land uses that are most commonly proximate to the pedestrian 
risk locations.
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j Minority population Household incomes Land Use Characteristics
I
The evaluated minority population 
accounted for less than 10 percent of 
the total minority population
The evaluated household income group 
accounted for less than 10 percent of 
the total households
The evaluated land use type has an area 
accounted for less than 10 percent of 
the total area
2
The evaluated minority population 
accounted for 10 to 20 percent of the 
total minority population
The evaluated household income group 
accounted for 10 to 20 percent of the 
total households
The evaluated land use type has an area 
accounted for 10 to 20 percent of the 
total area
3
The evaluated minority population 
accounted for 20 to 30 percent of the 
total minority population
The evaluated household income group 
accounted for 20 to 30 percent of the 
total households
The evaluated land use type has an area 
accounted for 20 to 30 percent of the 
total Household
4
The evaluated minority population 
accounted for greater than 30 percent of 
the total minority population.
The evaluated household income group 
accounted for greater than 30 percent of 
the total households.
The evaluated land use type has an area 
accounted for 30 to 40 percent of the 
total Household
5 - -
The evaluated land use type has an area 
accounted for 40 to 50 percent of the 
total Household
6 - -
The evaluated land use type has an area 
accounted for greater than 50 percent of 
the total area
Note: see table 4.1 for sub group variables
In summary, in this section, descriptive analyses were discussed. An important point 
that should be noted for the analysis o f off-roadway network characteristics is the 
calculation of proportion between percent o f crashes and percent o f population in each 
group based concentration should be used with care. A high proportion could exist in the 
groups based concentrations that have both low percent o f crashes and percent of 
populations.
Regression Model Building and Validation 
Results from descriptive analyses discussed in the previous section present variables 
that are associated with the pedestrian risk locations. In this section, statistical methods 
are used for testing and evaluating these variables to select the factors that would help to 
identify pedestrian high crash locations. The data used for this analysis is the same set of 
data used for the descriptive. However, by using this data set in the regression analysis, a 
problem occurs when a study location contained different sets o f on roadway network 
characteristics. The different on-roadway network characteristics in the same study 
locations may be caused by different roadway geometric characteristics. For example, 
locations where a 4-lanes minor street with the posted speed limit o f 35 mph crosses a 6 
lane major street with the posted speed limit o f 45 mph. Another reason for differences 
in on-roadway network characteristics would be the crash data that were recorded at 
different times when the roadway geometries were changed. For example, a study 
location may have been improved from 4 lanes to 6 lanes after 1996. Therefore, crashes 
that occurred at this location prior to 1996 were recorded as a 4 lane roadway crash, 
while crashes that occurred in or after 1997 were recorded as a 6 lane roadway crash. As 
a result, at each selected location, several on-roadway network characteristics may exist.
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while only one set o f off roadway network characteristics are provided. This data 
characteristic leads to problems where too many identical covariate patterns existed in the 
data set. This type of data set may create insignificant results from the regression 
analysis.
To evade the problem of the identical covariate data patterns, the on roadway network 
characteristic variables are modified to the format that summarized the geometric 
characteristics o f the locations. For examples, crashes at an intersection “A” have the 
posted speed limit records classified as follows: 30 mph, 45 mph, 35 mph, and 25 mph. 
The modified posted speed limit variable o f this location is the proportion o f the 
roadways that have the speed limit greater than 35 mph. Hence, the new speed limit 
variable used for the intersection “A” is % or 0.25. The same procedure is also applied to 
the other on roadway network variables.
Additionally, two types o f the multivariate analysis are applied in this research.
These analyses are the PCA and the logistic regression analysis. The main purpose of 
using PCA in this research is to avoid the problem of multicollinearity o f the variables 
(on and off roadway network variables). The multicollinearity of the variables would be 
avoided by using the factors’ scores instead o f the existing variables in the regression 
analysis. Constructively, the results from the PCA may also explain which variable 
characteristics or factors vary most in the study data set.
After the factors were developed using the PCA, the binary logistic regression 
analysis is used to find the factors that are related to the high crash locations. The binary 
logistic regression analysis method is selected for use over the multiple linear regressions 
(MLR) method. This is a simple and easier way to analyze multivariate data because the
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methodology in this research is developed based on observational data rather than data 
from a structured experiment. The relationship between dependent variables (crash rates) 
and the independent variables or their factors cannot be expected to be linear. Hence, 
rather than directly using the crash rate as the dependent variable in the regression model, 
these crash rates are used only to classify groups o f locations into high and low crash rate 
groups. The binary logistic regression is then applied to compare the data between these 
crash rate groups. Two case and control studies are set up where the first study is the 
comparison between pedestrian high crash rate group and pedestrian low crash rate group 
using the median as the cut off point between high crash rates and low crash rates. The 
second study compares pedestrian high crash rate group to pedestrian low crash rate 
group using the third quartile o f crash rates as the cut off point between high crash rates 
and low crash rates. Discussions of PCA and the binary logistic regression are presented 
next.
Principal Component Analysis (PCA)
In brief, PCA is used to form new variables which are linear composites of the 
original variables. However, unlike the original variables, the new variables are 
uncorrelated among themselves. The maximum number of variables formed by the PCA 
is equal to the number o f original variables. For example, the PCA is used to construct 
the components based on p variables. The results of p linear combinations could be as 
follows:
P C i  =  w i  ixi  +  W12X2 +  . . .  +  wijXi 
PC] = W21X1 + W22X2 + ... + W2iXj ...
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PCp= W p i X i  +  Wp2 X2  +  . . .  + W p i X i  (4.10)
Where P C ], P C ], . . . ,  PCp are the p principal components, Wp, is the weight o f the i"̂  
variable for the p'*' principal component, and X] is the on or off roadway network variable 
suggested from results o f descriptive analysis in chapter 5. Additionally, Sharma (1996) 
stated that the weights, Wÿ, are estimated such that:
1) The first component PC] accounts for the maximum variance in the data, where 
the second component PC] accounts for the maximum variance in the data that 
have not been considered for the first principal components, and so on.
p
2)  ̂’ where i = 1, 2, . . . , p  ----------- (4.11)
1=1 j
p
3) ^  X  ~^pi -  0 , where i 7^ ---------- (4.12)
1=1 j
Details how to obtain the weight in equation 4.10 can be found in Sharma (1996). 
Binary Logistic Regression
Just like linear regression, logistic regression gives each regressor a coefficient (/3j), 
which measures the regressor's independent contribution to variations in the dependent 
variable. However, in logistic regression model, dependent variables (Y) can only take 
values o f 0 or 1. The logistic regression model predicts dependent variables from a 
knowledge o f relevant independent variables as a probability (p) o f dependent variables 
being 0 or 1 (Field, 2000). The logistic regression model is used to express the 
probability o f developing the dependent variables (Y) given the control variables (Xs).
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Using the results from PCA as independent variables, the general logistic regression 
model could be defined as shown in equation 4.13.
P(Y= \ \ P C „ P C ,PC. ) = P(PC,)=  , ---------- (4.13)
Where:
PCj = The principal component analysis (see equation 4.10)
The terms o f a  and /8i in the equation 4.13 are unknown parameters that will be 
estimated based on data obtained on the PC, and on Y for a group o f subjects. The PCjS 
are the scoring results from factors evaluated by PCA. Additionally, two different 
models are provided for the analysis where the dependent variables Y are obtained in 
each model as follows:
• Model 1 : 0 -  low crash rate locations, 1 -  high crash rate locations (using 
median o f crash rates as the cut off point)
• Model 2 : 0 -  low crash rate locations, 1 -  high crash rate locations (using third 
quartile o f crash rates as the cut off point)
Equation 4.13 presents the basic logistic regression model which could be used as a 
predict model after the parameters a  and /Si are estimated. However, the objective of 
analysis in this research is to verify the factors that are related to high crash locations. To 
evaluate these relationships, the odds ratio (OR) is used. The OR is the measure of 
association directly estimated from a logistic model. OR is an indicator of the change in 
odds resulting from a unit change in the predictor. To evaluate the ORs from logistic 
regression model, the equation 4.13 was transformed to the following equation, equation
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4.14. This transformation is called “Logit Transformation”. The equation 4.14 is also 
called the logit model.
logit P{PC) = \ogit  (/)) = ln̂ P(PC)
\ - P ( P C ) «  +  (4.14)
From equation 4.14, the parameter “of’ represents the change in the logit (p) that would 
result for a logistic model without any control variables (PCj). Additionally, the 
parameter “/3j” represents the change in the logit (p) that would result from a unit change 
in PCj when other control variables are fixed.
However, as the logit transformation is non-linear, it does not mean that change in 1- 
unit of Xi will be jSi change in “p”. The change in 1-Unit of PC, corresponds to an 
exponential (e) to the odds (A) change in p or P{Y = l|P C ,, P Q ,..., PC^ ) , probability that
the dependent variable takes the value 1 rather than 0, when other variables are fixed.
The formula exponential to /5i may be called as an adjusted odds ratio. In summary, an 
adjusted odd ratio for each dichotomous variable can be obtained by exponentiating the 
coefficient corresponding to that variable. For example, assuming the output indicates j3, 
is 0.75, the odd ratio is approximately 2.12 (e°^^ = 2.12). Therefore, the probability that 
Y equals 1 is 2.12 times as likely as the value o f X is increased one unit.
Maximum likelihood
Although logistic regression needs a method in finding a best fitting equation as 
linear regression does, the best fitting methods used for logistic regression model are 
different. Rather than fitting line by minimizing the square residuals as used in Multiple
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Linear Regression (MLR), a maximum likelihood (ML) method is used for model fitting 
in the logistic regression analysis. Briefly, ML is a way of finding the smallest possible 
deviance between the observed and predicted values. The final solution which provides a 
smallest possible o f deviance is called “negative two log likelihood” or “-2LL”. This 
value is given by most commonly used statistic software.
Overall significance o f  the coefficients
Instead o f using only -2LL to judge the overall fit o f a model, the likelihood ratio test 
(G) is usually used to compare the fit o f the model with and without the predictor (s). To 
do this, two deviance of no predictors and after predictors have been added are compared, 
given -2LLr referring to -2LL o f the no predictors model and -2LLf referring to -2LL of 
the full model. The G statistic is the difference between these two deviance values, 
equation 4.15. An equivalent formula is also presented in equation 4.16
G =X  =-2L L r -(-2 L L f)
Likelihood^
Likelihoodc
(4 15)
(4H6)
Considering the statistic follows a chi-square distribution with 1 degree o f freedom, 
the hypothesis for the overall significant of the coefficients can be written as follows:
Ho: i3] = jS2 = ... = |3p.i = 0
Ha: not all /3k (k = 1, ..., p-1) equal zero
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If p value < 0.05, the Null hypothesis (Ho) is rejected. On the other hand, an 
acceptable of the alternative hypothesis (Ha) is that at least one o f the covariates in the 
model is significant related to the dependent variable.
Significance o f  individual regressors in logistic regression model
The significance of individual regressors could also be evaluated using the Wald 
statistic power two. The use o f Wald statistic power two used in logistic analysis is 
analogous to the use of t-test in multiple linear regressions. Additionally, Wald Statistic 
can verify whether the regressors’ coefficients (jSi) are significantly different from zero. 
If coefficient is significantly different from zero then it could be assumed that this 
coefficient has a significant contribution to the prediction of outcome (Y) (Hosmer and 
Lemeshow, 2000). Additionally, the Wald statistic can be calculated as the following 
equation, equation 4.17.
Wald = 0 / S E  (4.17)
Where: SE = Standard Error
Considering the statistic follows the standard normal distribution, the hypothesis for 
the overall significance o f the coefficients can be written as follows:
Ho: |8 = 0 
Ha: (8 < >  0
Note: if  P value < 0.05, the Ho is rejected. On the other hand, an acceptable o f the Ha is 
concluded that the covariate is significantly related to the dependent variable.
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Goodness o f  fit test
Methods o f Goodness of Fit Test generally provided by statistical software are 
Pearson, Deviance, and Hosmer-Lemeshow. These statistics follow the chi-square 
distribution and the hypothesis o f these tests can be written as follows
Flo: The model adequately fits the data, where the Ho is failure to reject when the P 
value is greater than 0.05.
Chapter Summary
This chapter provides the discussions o f the methodology, data development, and data 
analysis. A brief summary o f the process o f developing and evaluating factor related to 
high pedestrian risk is illustrated in Figure 4.1. Additionally, data used for analysis in 
this research concentrate on using existing data bases that are already available and easy 
to be gathered. Therefore, several variables that contribute to pedestrian crashes 
suggested in the literature review could not be included in the analysis. These variables 
include transit riders, types of crosswalk, and motor vehicle ownership. However, as a 
benefit o f using only existing data, the off- and on-roadway network characteristic 
variables developed in this research could help engineers and planners in verify the risk 
of pedestrian in their area without collecting other specific data. Finally, as a case study, 
the methodology developed and discussed in this chapter will be applied to analyze data 
for the Las Vegas Metropolitan area. Chapter 5 and chapter 6 present the results o f this 
analysis.
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CHAPTER 5
THE EVALUATION OF PEDSTRIAN RISK LOCATIONS:
A CASE STUDY IN THE LAS VEGAS METROPOLITAN AREA 
In this chapter, pedestrian risk locations in the Las Vegas metropolitan area are 
identified and evaluated using the methodology discussed in chapter 4. Briefly, the 
chapter starts with discussions o f crash data in the Las Vegas metropolitan area. The 
results of identifying pedestrian risk locations based on this crash data are then presented. 
Finally, a descriptive analyses o f selected pedestrian risk locations is conducted. These 
pedestrian risk locations are evaluated by considering various factors which include: 
posted speed limit, roadway functional classification, roadway classification, light 
condition, traffic control device, age groups, minority population, annual household 
incomes, and land use characteristics. Discussions of these identifications and 
evaluations are presented next.
Las Vegas Metropolitan Area Pedestrian Crash Data 
Crash data in the Las Vegas Metropolitan area used in this research are gathered from 
the Nevada Department of Transportation (NDOT). The database consists o f all reported 
crashes in Clark County from 1996 to 2000. From 1996 to 2000, a total o f 3,710
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pedestrian crashes occurred in the Las Vegas metropolitan area. Figure 5.1 presents the 
total number o f crashes in the Las Vegas metropolitan area from 1996 to 2000.
N um ber o f  Pedestrian  
Crashes 
860 '
840
820
800
780
760
740
855
1996 1997 1998 1999
Figure 5.1 Pedestrian crashes in the Las Vegas metropolitan area 1996 to 2000
Additionally, crash records in this study are collected using the street name reference 
system. Hence, as discussed in chapter 4, the GIS address match feature is used to geo 
code crash data to the location of street centerline. The street centerline file for the Las 
Vegas metropolitan area was obtained from the Clark County Geographic Information 
System Management Office (GISMO) website. As a result, ninety five percent o f the 
total 3,710 pedestrian crashes from 1996 to 2000 were successfully geo-coded and used 
for this study.
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The pedestrian crashes are classified into intersection crashes and non-intersection 
crashes for analysis. Intersection locations are the crash locations that located not farther 
than 200 feet from the reference intersection. Non-intersection locations are the crash 
locations located farther than 200 feet from the referent intersection locations. Figure 5.2 
presents comparison of intersection and non intersection crashes from 1996 to 2000. The 
results demonstrate that crashes at intersection locations occurred more often than crashes 
at non-intersection locations. Figure 5.3 and 5.4 presents the distribution o f the 
intersection and non-intersection crashes in the Las Vegas metropolitan area, 
respectively.
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Figure 5.2 Intersection and non-intersection crashes 1996 to 2000
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Results o f Crash Density Maps and Selected Pedestrian Risk Locations
As presented in the previous section, crash data from NDOT were classified into two 
groups, intersection and non-intersection crashes. Crash density maps o f these location 
groups are drawn by using a crash density option in the GIS program (Arc GIS 8.2). 
Pedestrian risk locations are then selected based on these crash density maps. The results 
of crash density maps and selected pedestrian risk locations are discussed next.
For the pedestrian intersection crashes, the density map shows that crash 
concentration spots are mostly distributed over the Las Vegas metropolitan area. The 
areas found to have high frequency o f these concentration spots are in the downtown area 
and along the Las Vegas Boulevard, Flamingo Road., and Charleston Boulevard. Figure
5.5 presents pedestrian crashes in the Las Vegas downtown area. Figure 5.6 presents the 
crash density map and the selected pedestrian risk intersection locations in the Las Vegas 
downtown area. Also, Figure 5.7 presents all selected locations o f intersection pedestrian 
risk locations. For the non-intersection pedestrian crashes, the density map shows only a 
small number o f crash concentration spots. This is because the non-intersection crashes 
are distributed all over the area. Hence, most non intersection locations have reported 
only one crash during the period. The crash concentration spots for non-intersection 
crashes mostly occurred along Las Vegas Boulevard. Most o f these crash concentration 
spots are also located on the roadways to the hotels and casinos along this street. Figure
5.8 presents pedestrian crashes along Las Vegas Boulevard. Figure 5.9 presents the crash 
density map and the selected non-intersection pedestrian risk locations along Las Vegas 
Boulevard. Also, Figure 5.10 presents overall non-intersection pedestrian risk locations 
selected from the results o f crash density map.
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Consequently, a total o f 157 intersection and 36 non-intersection pedestrian risk 
locations are selected based on crash density maps. Pedestrian crashes that occurred 
within 200 feet from these risk locations were selected and coded according to the 
locations. The results found that 1,097 crashes fall into the selected pedestrian risk 
intersection locations, and 326 crashes fall into the selected pedestrian risk non­
intersection locations. These pedestrian crashes and pedestrian risk locations will be used 
for analysis in this research. The descriptive analysis o f relationship between pedestrian 
risk locations, pedestrian crashes that fall into these locations and roadway on/off 
network characteristics are presented in the next section.
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Descriptive Analysis of Pedestrian Risk Locations 
The objective o f this descriptive analysis section is to evaluate the general 
characteristics o f pedestrian risk locations. These characteristics are evaluated by 
considering several variables from the selected crash records and the database discussed 
in chapter 4: Research Methodology. The results o f evaluations o f each variable are 
presented next.
Speed Limit and Roadway Functional Classification 
In this study, posted speed limits were classified into three groups: a.) less than or 
equal to 25 mph, b.) 30 mph or 35 mph and c.) greater than or equal to 40 mph. Figure
5.9 presents the percent o f crashes by the posted speed limit. The results show that 
crashes mostly occurred at risk locations with a posted speed limit o f 30 mph or 35 mph, 
followed by the risk locations where the posted speed limit is greater than or equal to 40 
mph. A small percent o f crashes were found to occur at the risk locations where the 
posted speed limit is 20 mph or lower. The results show that the numbers of pedestrian 
crashes at the risk locations with a posted speed limit o f 40 mph are lower than risk 
locations where the posted speed limit is 30 to 35 mph. This may be because pedestrian 
activities at the location posted speed limit of 30 to 35 mph are higher than locations 
where the speed limit is at least 40 mph. Finally, from these results, it is seen that 
pedestrian crashes mostly occurred on higher roadways speed. The results from 
functional classification also show that mostly pedestrian crashes occurred at the 
principal and minor urban arterial risk locations. Figure 5.10 presents the percent o f 
crashes by functional classification. It should also be noted that, on principal and minor
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urban arterial streets the posted speed limit is usually at least and more likely to be 35 
mph or greater.
Percent o f Crashes by Posted Speed Limit
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Figure 5.11 Percent of Crashes by Posted Speed Limit
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Figure 5.12 Percent of Crashes by Functional Classification
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Roadway Type
At the selected pedestrian risk locations, data show that most pedestrian crashes 
occurred on 4 and 6 lanes roadways. Further, the results show that the percent of 
pedestrian crashes on 4 lanes divided roadway is higher than on 4 lanes undivided 
roadway for both intersection crashes and non-intersection crashes. Additionally, for 
both intersection and non-intersection crashes the number of crashes on 6 lane divided 
roadways is higher than 6 lane undivided roadways. Hence, it would be concluded that, 
at the selected risk locations, pedestrian crashes are likely to occur at the wide street 
roadway (4 and 6 lanes). Also, pedestrian crashes are found to be higher at divided 
roadway risk locations than undivided roadway locations. Figure 5.11 shows the percent 
of pedestrian crashes by roadway type.
Percent of crashes Intersection  0  N on  in tersection
N O T E :
R l -  1 w ay marked 
R 2 - 2 lanes m arked 
(one each  direction)
R 3 - 2 lanes unmarked 
(one each  direction)
R 4 - 4 lanes divided 
R 5 - 4  lanes undivided 
R 6 - O ne w ay/ tw o lanes 
R 7 - O ne way/ 3 o r m ore lanes 
R 8 -  6  lanes-divided 
R 9 -  6 lanes-undivided 
R IO - 8 lanes-divided 
R l l - 8  lanes-undivided 
R l  2 -1 0  o r  more lanes-divided
R l R2 R3 R4 R5 R6 R7 R8 R9 RIO R l l  R12
Roadway Type
Figure 5.13 Percent o f Crashes by Roadway Type
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Light Conditions
At the selected pedestrian risk intersection locations, data show that the percent of 
pedestrian crashes under the “good” light condition is much higher than under the “dark 
or dusk” light conditions. On the other hand, data from the selected non-intersection 
locations show that pedestrian crashes are higher in the “dark or dusk” light conditions 
than in the “good” light conditions. Figure 5.12 shows percent of pedestrian crashes by 
light conditions. Figure 5.13 presents percent o f fatal crashes by light conditions. 
Another interesting point is that in the dark and dusk light conditions, the percent o f fatal 
pedestrian crashes at the selected non intersection locations is very much higher than at 
the selected intersection locations. The percent o f pedestrian fatal crashes at non 
intersection locations in the dark or dusk light conditions is about 5.56 percent, while the 
percent o f pedestrian fatal crashes at intersection locations in the dark or dusk light 
conditions is accounted for only 1.55%.
Percent of crashes 
80%
! Intersection (3 Non intersection
69.9%
53.7%
46.3%
50% -
40% -
30.1%
30% -
20%  -
10%  -
Day light Dark or Dusk
Figure 5.14 Percent o f Crashes by Light Conditions
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Figure 5.15 Percent o f Fatal Crashes by Light Conditions
Traffic Control Device 
Figure 5.14 shows percent o f pedestrian crashes by traffic control device. For the 
selected intersection locations, approximately 58 percent of crashes occurred where 
signal light are in operations. Also, 40 percent of pedestrian crashes at intersection 
locations are in speed control zones. For non-intersection locations, data show that 92 
percent o f these crashes occurred at speed control zones. In addition, for all locations, 
pedestrian crashes at stop sign accounted for only 1.7 percent o f total crashes. Even 
though results from Figure 5.14 clearly indicate that crashes mostly occurred at the speed 
control zone and the signal location. It should be noted that most roadways at the 
selected locations are in speed control zones. Also, most selected intersection locations 
have signal control or stop control devices.
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Evaluating causes o f crashes by this factor may not be reasonable as most locations have 
the same factors. Hence, type o f traffic control devices may not be a good characteristic 
to evaluate the relationship between pedestrian crashes and risk locations.
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Figure 5.16 Percent o f Crashes by Traffic Control Devices
Age Groups
In this study, pedestrian ages were classified into four groups; a.) under 5 years old, 
b.) 5 to 17 years old, c.) 17 to 54 years old, and d.) 55 years old or greater. Figure 5.15 
presents percent of pedestrian crashes by age groups. At the selected intersection 
locations, about 57.6 percent o f the total pedestrian crashes involve pedestrians in the age 
group o f 18 to 54 years old. Additionally, pedestrians under 5 years old, 5 to 17 years 
old, and over 55 years old account for 11.1 percent, 16.8 percent, and 14.5 percent o f the 
total pedestrian crashes respectively. At the selected non-intersection locations, about
60.5 percent o f the total pedestrian crashes involved pedestrians in the age group of 18 to
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54 years old. Pedestrian under 5 years old, 5 to 17 years old, and over 55 years old 
account for 6.8 percent, 7.4 percent, and 25.3 percent o f the pedestrian crashes, 
respectively. Thus, more than half o f the crashes at the selected intersection and non­
intersection locations involved pedestrians in age group between 18 to 54 years old. 
Further, a total o f 200 elderly pedestrians were involved in crashes, which accounted for
14.5 percent at the selected intersection locations and 25.3 percent at the selected non­
intersection locations.
Even though pedestrians age between 18 to 54 years were involved in a majority of 
the crashes at the selected locations, it does not mean that pedestrians in these age groups 
are disproportionately likely to be involved in crashes. The pedestrian exposure at these 
locations should also be taken into consideration. In this study, resident populations in 
the study areas are used as indicators of pedestrian exposures. Figure 5.16 presents 
percent o f population by age groups. Following the methodology discussed in chapter 4, 
the ratio o f crashes to population by age groups were calculated. Figure 5.17 shows the 
ratio of percent of crashes and percent of population by age groups. The results show 
that the pedestrians in the age group 18 to 54 years old have a proportion slightly greater 
than 1 for both risk locations. From this, it could be explained that high pedestrian 
exposure is a likely cause o f high pedestrian crashes in this age group. On the other 
hand, at the intersection locations, the age group o f less than 5 years old has a very high 
ratio of percent o f crashes to percent o f population, approximately 1.42. At the non­
intersection, the elderly pedestrian group (age 55 years old and older) also has a high 
ratio of percent o f crashes to percent o f population, approximately 1.25. Finally, from 
results of these proportions, it could be hypothesized that, at the selected risk locations.
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the young and elderly pedestrians are disproportionately likely to be involved in crashes 
than pedestrians in other age groups.
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Figure 5.17 Pedestrian crashes by age groups
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Figure 5.18 Population in the study areas by age groups
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Figure 5.19 Ratio o f Percent o f crashes to Percent o f population 
Minority Population
Three groups o f minority population evaluated in this research are: African American, 
Asian-Pacific Islander, and Hispanic-Latino. Following the methodology discussed in 
Chapter 4, the relationships between these population groups and pedestrian crashes at 
risk locations are evaluated. The results o f these evaluations are presented next. 
African-American
At the selected intersection locations, the zones where African American population 
accounted for 20 to 30 percent o f the population had an average of 22.43 crashes per 
zone. This is more than 320 percent greater than the average (mean) o f crashes per zone 
in the overall study area, 6.99. For the zones where the African American population 
accounted for 10 percent or less, 10 to 20 percent, and greater than 30 percent o f the 
population, the average of crashes per zone are 6.14, 6.92, and 4.86 respectively. These
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averages are 87.88 percent, 98.99 percent, and 69.51 percent from greater than the mean 
for the entire study area.
On the other hand, at the selected non-intersection locations, the zones where African 
American population accounted for 10 percent o f the population and lower had an 
average o f 4.68 crashes per zone. This is more than 100 percent greater than the average 
(mean) o f crashes per zone for the overall crashes in risk non-intersection area, 4.50. 
Additionally, the averages of crashes per zone are found to decrease where the 
concentrations o f this population group are increased. For the group where the 
population concentration was 10 to 20 percent, the average of crashes per zone is 2.40. 
This accounted for only 53.33 percent o f the mean. A concentration o f African American 
population greater than 20 percent is not found proximate to any o f the selected non­
intersection locations. Hence, the percent o f crashes per zone for these population 
concentration groups are undefined. Figure 5.18 presents results o f these analyses.
Moreover, as discussed in chapter 4, to compare percent o f crashes per zones between 
concentration groups, these percentages in each group based on concentration should be 
normalized for the pedestrian exposure. Therefore, the percent o f African-Americans per 
zones by group based concentrations are calculated. Figure 5.19 presents the percent of 
African-American population per zone by group based concentration. To normalize the 
percent o f crashes, the proportions between percent o f crashes and percent o f population 
by group based concentrations are calculated. Figure 5.20 presents results of these 
proportions.
From Figure 5.20, the results o f risk intersection locations found that the group based 
concentration which the African-American accounted for less than 10 percent o f total
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minority population has the highly significant proportion, approximately 1.69. 
Additionally, the proportion for group based concentration o f 10 to 20 percent, 20 to 30 
percent, and greater than 30 percent are 0.81, 1.06, and 0.13, respectively. On the other 
hand, the results of risk non-intersection locations found that the group based 
concentration which the African-American population accounted for less than 10 percent 
has the highly significant proportion, approximately 1.01. Additionally, the proportion 
for group based concentration o f 10 to 20 percent is 0.67. As non-intersection risk 
locations has no concentration o f African-American population greater than 20 percent, 
the proportion o f group based concentration 20 to 30 percent and greater than 30 at the 
non-intersection risk locations are undefined.
It could thus be hypothesized that pedestrian crashes are more likely to exist at risk 
intersection locations where the proportion of the African American population to the 
total minority population is less than 30 percent. On the other hand, for risk non­
intersection locations, crashes are more likely to exist where the African American 
population accounted for less than 20 percent o f the minority population.
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Figure 5.20 Pedestrian crashes based African American Population Concentration
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Figure 5.21 Percent o f population by African American Population Concentration
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Figure 5.22 Ratio o f Percent o f crashes to percent o f minority population by African
American group based concentration
Asian and Pacifîc-Islander
At the selected intersection locations, the zones where Asian and Pacific-Islander 
population accounted for 10 percent o f the population or lower bad an average o f 7.46 
crashes per zone. This accounted for more than 100 percent grater than the average 
(mean) of crashes per zone in the overall study area, 6.99. For the zones where the 
African American population accounted for 10 to 20 percent o f the population, the 
average of crashes per zone is 5.19. This average is 74.24 percent greater than the mean 
of the entire study area. No crashes occurred in the zone where Asian and Pacific 
Islander population accounted for 20 to 30 percent o f the population. Further, a 
concentration o f Asian and Pacific Islander greater than 30 percent is not found
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proximate to any o f the selected intersection locations. Hence, the percent o f crashes per 
zone for this population concentration groups are undefined.
On the other hand, at the selected non-intersection locations, the zones where Asian 
and Pacific Islander population accounted for 10 percent o f the population or lower had 
an average o f 5.32 crashes per zone. This accounted for more than 118 percent greater 
than the average (mean) o f crashes per zone for the overall crashes in risk non­
intersection area, 4.50. Additionally, the averages o f crashes per zone are found to 
decrease where the concentrations o f this population group are increased. For the group 
where the population concentration was 10 to 20 percent, the average number o f crashes 
per zone is 5.00, this accounted for only 111.11 percent o f the mean. No crashes 
occurred in the zone where Asian and Pacific Islander population accounted for 20 to 30 
percent o f the population. Further, a concentration o f Asian and Pacific Islander 
population greater than 30 percent is not found proximate to any o f the selected non­
intersection locations. Hence, the percent o f crashes per zone for these population 
concentration groups are undefined. Figure 5.21 presents results of these analyses.
Moreover, to compare percent o f crashes per zones between concentration groups, 
percentages in each group based concentration should be normalized for the pedestrian 
exposure. Therefore, the percent o f Asian and Pacific-lslanders per zones by group based 
concentrations are calculated. Figure 5.22 presents the percent of Asian and Pacific 
Islander population per zone by group based concentration. To normalize the percent of 
crashes, the proportions between percent o f crashes and percent of population by group 
based concentrations are calculated. Figure 5.23 presents results of these proportions.
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From Figure 5.23, the results o f risk intersection locations found that the group based 
concentration which the Asian and Pacific-Islander accounted for less than 10 percent of 
total minority population has the highly significant proportion, approximately 1.23. 
Additionally, the proportion for group based concentration of 10 to 20 percent is 0.36.
The proportion for group based concentration o f 20 to 30 percent is 0 as no crashes 
occurred in this group. The group based concentration of greater than 30 percent is 
undefined as Asian and Pacific-Islander population has concentration less than 30 percent 
at these risk intersection locations.
On the other hand, the results of risk non-intersection locations found that the group 
based concentration which the Asian and Pacific Islander accounted for 10 to 20 percent 
of total minority population has the highly significant proportion, approximately 1.14. 
Additionally, the proportion for group based concentration o f 10 percent and lesser is 
1.02. The proportion for group based concentration o f 20 to 30 percent is 0 as no crashes 
occurred in this group. The group based concentration of greater than 30 percent is 
undefined as Asian and Pacific-Islander population has concentration less than 30 percent 
at these risk non-intersection locations.
It could thus be hypothesized that pedestrian crashes are more likely to exist at risk 
intersection locations where the proportion o f the Asian and Pacific Islander population 
to the total minority population is 10 percent or less. On the other hand, for risk non 
intersection locations, crashes are more likely to occur where the Asian and Pacific- 
Islander population accounted for less than 20 percent o f the minority population.
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Figure 5.23 Pedestrian crashes based Asian and Pacific population concentration
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Figure 5.24 Percent o f population by Asian and Pacific population concentration
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Figure 5.25 Ratio o f percent o f crashes to percent o f minority population by Asian and 
Pacific Islander group based concentration
Hispanic-Latino
At the selected intersection locations, the zones where Hispanic Latino population 
accounted for 20 to 30 percent of the population had an average of 10.62 crashes per 
zone. This accounted was more than 150 percent greater than the average (mean) of 
crashes per zone in the overall study area, 6.99. For the zones where the Hispanic-Latino 
population accounted for 10 percent or less, 10 to 20 percent, and greater than 30 percent 
o f the population, the average number o f crashes per zone are 0.67, 3.74, and 8.63, 
respectively. In that order, these averages accounted for 9.54, 53.44, and 123.55 percent 
greater than the mean of the entire study area.
On the other hand, at the selected non-intersection locations, no crashes occurred in 
the zone where Hispanic-Latino population accounted for less than 10 percent o f the
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minority population. However, the zones where Hispanic-Latino population accounted 
for 20 to 30 percent of the population had the average o f 13.33 crashes per zone. This 
accounted was more than 296 percent greater than the average (mean) o f crashes per zone 
in the overall study area, 4.50. For the zones where the Hispanic-Latino population 
accounted for 10 to 20 percent, and greater than 30 percent o f population, the averages o f 
crashes per zone are 1.13, and 11.56, respectively. These averages are 25 percent and 
256.79 percent greater than the mean for the entire study area. Figure 5.24 presents 
results o f these analyses.
Moreover, to compare percent o f crashes per zones between concentration groups, 
percentages in each group based concentration should be normalized for the pedestrian 
exposure. Therefore, the percent o f Hispanic Latino per zones by group based 
concentrations are calculated. Figure 5.25 presents the percent o f Hispanic-Latino 
population per zone by group based concentration. To normalize the percent of crashes, 
the proportions between percent o f crashes and percent o f population by group based 
concentrations are calculated. Figure 5.26 presents results o f these proportions.
From Figure 5.26, the results o f risk intersection locations found that all group based 
concentrations have the highly significant proportion. However, the group based 
concentration of 10 percent or less has the low percentage for both population and 
number o f crashes. Therefore, this group based concentration should not be taken into 
the consideration. As the results, the concentration groups o f 10 to 20 percent, 20 to 30 
percent, and greater than 30 percent are the groups that have a significant proportion 
value, 1.22, 1.68, and 0.83, respectively.
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On the other hand, the results o f risk non-intersection locations found that the group 
based concentration which the Hispanic-Latino accounted for 20 to 30 percent has the 
highly significant proportion, approximately 1.98. Additionally, the proportion for group 
based concentration of 10 percent and lesser is 0 as no crashes occurred in this group.
The proportion for group based concentration o f 10 to 20 percent and greater than 30 
percent are 0.52 and 0.97, respectively.
It could thus be hypothesized that, either risk intersection or risk non-intersection 
locations, pedestrian crashes are more likely to occur where the concentration of 
Hispanic-Latino population to the total minority population greater than 10 percent.
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Figure 5.26 Pedestrian crashes by Hispanic Latino Group based Concentration
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Figure 5.27 Percent o f population by Hispanic Latino Group based Concentration
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In conclusion, the descriptive analyses o f the minority population show that the 
Hispanic-Latino and African-American populations are the minority population groups 
that are more likely to be involved in pedestrian crashes. Asian and Pacific-Islander are 
less likely to be involved in crashes than Hispanic-Latino and African-American 
population.
Annual Household Incomes 
Annual household incomes evaluated in this study are classified into three groups, 
annual income under $20,000, annual income between $20,000 to $50,000, and annual 
income greater than $50,000. Following the methodology discussed in Chapter 4, data 
analysis, the relationships between these income groups and pedestrian crashes at risk 
locations are evaluated. The results o f these evaluations are presented next.
Household Annual Income under $20,000
At the selected intersection locations, the group based concentration where household 
with income under $20,000 accounted for greater than 30 percent has the highest average 
crashes, 7.57 crashes per zone. This was more than 100 percent greater than the average 
(mean) o f crashes per zone in the overall study area, 6.99. The averages number o f 
crashes decreased as the concentrations o f these household incomes are decrease. For the 
group based concentration of 10 percent or less, 10 to 20 percent, and 20 to 30 percent, 
the average number o f crashes per zone are 4.00, 6.00, and 6.79 respectively. In that 
order, the averages are accounted for 57.25 percent, 85.87 percent, and 97.12 percent of 
the mean.
On the other hand, at the selected non-intersection locations, the group based 
concentration where household income under $20,000 accounted for 20 to 30 percent has
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the highest average crashes, 4.94 crashes per zone. This accounted for more than 100 
percent from the average (mean) o f crashes per zone in risk non-intersection area, 4.50. 
For the group based concentration of 10 to 20 percent and greater than 30 percent, the 
average o f crashes per zone are 3.33 and 4.29, respectively. In that order, the averages 
accounted for 74.07 percent and 95.42 percent o f the mean. The concentrations where 
this level o f household income accounted for less than 10 percent is not found in risk 
non-intersection locations. Hence, the percent o f crashes per zone at this concentration 
group is undefined. Figure 5.28 presents results o f percent of crashes per zone household 
income group based concentrations.
To compare percent of crashes per zones between concentration groups, percentages 
in each group based concentration should be normalized. Therefore, the percent of 
household income under $20,000 per zones by group based concentrations are calculated. 
Figure 5.29 presents the percent o f household income under $20,000 per zone by each 
group based concentration. To normalize the percent of crashes, the ratios o f percent of 
crashes to percent o f household by group based concentrations are calculated. Figure 
5.30 presents results of these proportions.
From Figure 5.30, the results o f risk intersection locations found that group based 
concentration o f less than 10 percent, 10 to 20 percent, and 20 to 30 percent has the high 
proportion, 2.72, 1.75, and 1.27 respectively. However, the group based concentration of 
less than 10 percent has the low percentage for both number o f household per zone and 
number o f crashes per zone. Therefore, this group based concentration should not be 
taken into the consideration. Additionally, group based concentration o f greater than 30 
percent has the lowest proportion, 0.78.
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On the other hand, the results o f risk non-intersection locations found that the group 
based concentration with household income under $20,000 accounted for 20 to 30 
percent has the highly significant proportion, approximately 1.38. Additionally, the 
proportion for group based concentration o f 10 percent or less is undefined as no 
locations fall into this group based concentration. Additionally, the proportion for group 
based concentration o f 10 to 20 percent and greater than 30 percent are 1.14 and 0.76, 
respectively.
Finally, from results o f these proportions, it could be hypothesized that, either risk 
intersection or risk non-intersection locations, pedestrian crashes are more likely to occur 
where the concentration o f household income under $20,000 is 30 percent or less.
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Figure 5.29 Pedestrian crashes by annual HH income under $20K
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Figure 5.30 Percent o f population by annual HH income under $20K
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Household Annual Income $20,000 to $50,000
The results o f group based concentration for this income level found that only group 
based concentration o f greater than 30 percent are represented in the study area. As a 
result, all crashes fall into the group based concentration where household income in 
$20,000 to $50,000 accounted for greater than 30 percent o f the population.
Household Annual Income greater than $50,000
At the selected intersection locations, the group based concentration where household 
with income greater than $50,000 accounted for less than 10 percent has the highest 
average crashes, 8.11 crashes per zone. This was more than 100 percent greater than the 
average (mean) o f crashes per zone in the overall study area, 6.99. For the group based 
concentration o f 10 to 20 percent, 20 to 30 percent and greater than 30 percent, the 
average o f crashes per zone are accounted for 7.14, 8.09, and 5.79 respectively. In that 
order, the averages are accounted for 102.13 percent, 115.71 percent, and 82.86 percent 
of the mean.
On the other hand, at the selected non-intersection locations, the group based 
concentration with household income greater than $50,000 accounted for 20 to 30 percent 
has the highest average crashes, 5.42 crashes per zone. This accounted for 120 percent 
from the average (mean) o f crashes per, 4.50. For the group based concentration o f 10 to 
20 percent and greater than 30 percent, the averages o f crashes per zone are 3.78 and 
3.13, respectively. In that order, the averages accounted for 54.07 percent and 69.44 
percent o f the mean. The concentrations where this level of household income accounted 
for less than 10 percent is not found in risk non-intersection locations. Hence, the percent
103
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of crashes per zone at this concentration group is undefined. Figure 5.31 presents results 
o f percent o f crashes per zone by household income group concentrations.
To compare percent o f crashes per zone between concentration groups, percentages in 
each group based concentration should be normalized. Therefore, the percent o f 
household income greater than $50,000 per zone by group based concentrations are 
calculated. Figure 5.32 presents the percent o f household income greater than $50,000 
per zone by group based concentration. To normalize the percent of crashes, the ratios of 
percent o f crashes to percent o f household by group based concentrations are calculated. 
Figure 5.33 presents results o f these proportions.
From Figure 5.33, the results o f risk intersection locations found that group based 
concentration of less than 10 percent, 10 to 20 percent, and 20 to 30 percent have the high 
proportion, 3.48, 1.25, and 1.24 respectively. Group based concentration o f greater than 
30 percent has the proportion of 0.63. On the other hand, the results o f risk non­
intersection locations found that the group based concentration of this household group 
accounted for 20 to 30 percent has the highest proportion, approximately 1.31. 
Additionally, the proportion for group based concentration o f less than 10 percent is 
undefined, as no locations fall into this group based concentration. Moreover, the ratios 
for group based concentration of 10 to 20 percent and greater than 30 percent are 1.31 
and 0.52, respectively.
Finally, from results o f these proportions, it could be hypothesized that, pedestrian 
crashes are more likely to occur at risk intersection locations where the concentration of 
household income greater than $50,000 is 30 percent and lesser. On the other hand, for
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risk non-intersection locations, crashes are more likely to occur where the household 
income greater than $50,000 accounted for 10 to 30 percent.
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Figure 5.32 Pedestrian crashes by annual HH income $50K and Greater
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Figure 5.33 Percent of population by annual HH incomes $50K and Greater
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In conclusion, the descriptive analyses of the household incomes show that the low 
and high income households are more likely to be involved in pedestrian crashes. These 
household incomes were found to have a ratio o f percent of crashes to percent o f low 
income households or high income households greater than 1 at the group based 
concentration level o f greater than 30 percent.
Type o f  Land Use
Five types o f  land use evaluated in this research are: residential, industrial, 
commercial, non-profit community, and minor improvements. Following the 
methodology discussed in Chapter 4, the relationships between these land use types and
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pedestrian crashes at the selected risk locations are evaluated. The results of these 
evaluations are presented next.
As discussed in Chapter 4, the first analysis is identifying the most land use type that 
fall into each crash locations. The results are summarized in table 5.3 and 5.4.
The results from these tables show that at intersection and non-intersection risk 
locations, the pedestrian crashes mainly occurred proximate to residential and 
commercial land uses. Hence, these types of land use will be used to study for more 
details o f relationships between their characteristics and pedestrian crashes. To study 
these relationships, the same analysis procedures using minority population and 
household income are used. The results of these evaluations are presented next.
Table 5.1 Land use and number of crashes at risk intersection locations
TYPE OF LAND USE NUMBER OF 
CRASHES PERCENTRAGE1 2 3 4 5
X 855 77.94%
No develop] 
(vacant
ment 90 8.20%
X X 56 5.10%
X 28 2.55%
X X 25 2.28%
X X 17 1.55%
X 10 0.91%
X 9 0.82%
X X X 5 0.46%
X X 1 0.09%
X X X 1 0.09%
TOTAL 1097 100.00%
Note: Type o f  land use: Codes - 1; residential, 2; industrial, 3: commercial, 4; non-profit community 
facilities, and 5: transportation, communication and utilities
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Table 5.2 Land use and number o f crashes at risk non-intersection locations
TYPE OF LAND USE NUMBER OF 
CRASHES PERCENTAGE1 2 3 4 5
X 132 81.48%
No development(vacant) 13 8.02%
X X 10 6.17%
X 3 1.85%
X X 3 1.85%
X X 1 0.62%
TOTAL 162 100.00%
Note; Type o f  land use: Codes -  1; residential, 2: industrial, 3; commercial, 4: non-profit community 
facilities, and 5: transportation, communication and utilities
Residential Area
At the selected intersection locations, the zones where residential area accounted for 
40 to 50 percent of the total area had an average 7.53 crashes per zone. This accounted 
for more than 100 percent greater than the average (mean) o f crashes in the overall study 
area, 6.99. For the zones where residential area accounted for less than 10 percent, 10 to 
20 percent, 20 to 30 percent, 30 to 40 percent, and greater than 50 percent o f the total 
area, the averages of crashes per zone are 7.28, 6.86, 7.43, 6.79, and 5.79 respectively. 
These averages are 104.16 percent, 98.21 percent, 106.32 percent, 97.12 percent, and 
82.86 percent greater than the mean for the entire study area.
On the other hand, at the selected non-intersection locations, the zones where 
residential area accounted for less than 10 percent had an average o f 5.85 crashes per 
zone. This accounted for about 130 percent greater than the average (mean) in risk non­
intersection area, 4.50. For the zones where residential area accounted for 10 to 20 
percent, 20 to 30 percent, 30 to 40 percent, 40 to 50 percent and greater than 50 percent 
o f total area, the averages o f crashes per zone are 5.00, 3.67, 4.00, 2.50, and 3.00
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respectively. The averages are 111.11 percent, 81.48 percent, 88.89 percent, 55.56 
percent, and 66.67 percent greater than the mean for the entire study area. Figure 5.34 
presents results of these analyses.
To compare percents o f crashes per zone between concentration groups, percentages 
in each group based concentration should be normalized. Therefore, percents of the 
residential area by group based concentrations are calculated. Figure 5.35 presents 
percents of residential area by each group based concentration. To normalize the percent 
o f crashes, the proportions between percent of crashes and percent of the residential area 
by group based concentrations are calculated. Figure 5.36 presents results of these 
proportions.
From Figure 5.36, the results of risk intersection locations found that group based 
concentrations of less than 10 percent, 10 to 20 percent, and 20 to 30 percent have the 
high proportion, 7.16, 1.82, and 1.33 respectively. Additionally, the ratios o f group based 
concentrations o f 30 to 40 percent, 40 to 50 percent, and greater than 50 percent are 0.71, 
0.54, and 0.38. From these results, it could be summarized that at risk intersection 
locations an increasing residential concentration area is a cause of decreasing proportion 
between percent o f crashes and percent of residential area.
On the other hand, the results of risk non-intersection locations found that group 
based concentration o f less than 10 percent, 10 to 20 percent, and 20 to 30 percent has the 
high proportion, 4.43, 2.05, and 0.75 respectively. Additionally, the ratios o f group based 
concentration of 30 to 40 percent, 40 to 50 percent, and greater than 50 percent are 0.52, 
0.29, and 0.34. These results could also be summarized that at risk non-intersection
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locations an increasing residential concentration area is a cause of decreasing proportion 
between percent o f crashes and percent o f residential area.
Finally, from results o f these ratios, it could be hypothesized that either intersection 
or non-intersection locations, pedestrian crashes are more likely to occur where the 
concentration o f residential area is 30 percent and lesser.
Percent of crashes Intersection S  Non intersection
140%
129.9%
.1%
120%
107.8%106.3%
97.1%
100%  - -
81.5%
66.7%
20% -
0%
<10% 10 to 20% 20 to 30% 30 to 40% 40 to 50% >50%
Percent Residential Area
Figure 5.35 Pedestrian crashes by residential area concentration
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Intersection 0  Non intersectionPercent of area
250% 1
218.8%
198.2% ]9Q
200%  -
170.6%
137.1%
150% -
108.4%
100%  -
80.1%
50% - 29.3%
0%
<10% 10 to 20% 20 to 30% 30 to 40% 40 to 50% >50%
Percent Residential Area
Figure 5.36 Percent o f residential area by group based concentration
Intersection 0  Non intersectionProportion
1.00 1
7.00
6.00  -
5.00 -
4.00
3.00 -
,2.05
2.00  -
1.33 0.540.52
1.00 -
0.38 0.34fi.29
0.00
<10% 10 to 20% 20 to 30%  30 to  40%
Percent Residential Area
40 to 50% >50%
Figure 5.37 Ratio of percent o f crashes to percent of residential Area by group based
concentration
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Commercial Area
At the selected intersection locations, the zones where commercial area accounted for 
greater than 50 percent o f the total area had an average o f 7.59 crashes per zone. This 
accounted for about 108 percent greater than the average (mean) o f crashes per zone in 
the overall study area, 6.99. For the zones where commercial area accounted for less 
than 10 percent, 10 to 20 percent, 20 to 30 percent, 30 to 40 percent, and 40 to 50 percent 
o f the area, the average crashes are 4.00, 6.80, 5.20, 6.22, and 6.32 respectively. These 
averages are 57.25 percent, 97.32 percent, 74.42 percent, 88.98 percent, and 90.45 
percent greater than the mean o f the entire study area.
On the other hand, at the selected non-intersection locations, the zones where 
commercial area accounted for greater than 50 percent o f the total area had an average of 
4.77 crashes per zone. This accounted for about 106 percent from the average (mean) of 
crashes in risk non-intersection area, 4.50. For the zones where commercial area 
accounted for 20 to 30 percent, 30 to 40 percent, and 40 to 50 percent o f the area, the 
average crashes are 2.50, 3.00, and 3.00 respectively. These averages are 55.56 percent, 
66.67 percent, and 66.67 percent greater than the mean for the entire study area. Further, 
commercial area with concentrations of less than 10 percent and 10 to 20 percent were 
not found in the selected non-intersection locations. Figure 5.37 presents results of these 
analyses.
Moreover, to compare percents o f crashes per zone between concentration groups, 
percentages in each group based concentration should be normalized. Therefore, the 
percent o f commercial area by group based concentrations are calculated. Figure 5.38 
presents the percent o f commercial area per zone by group based concentrations. To
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normalize the percent o f crashes, the proportions between percent o f crashes and percent 
o f commercial area by group based concentrations are calculated. Figure 5.39 presents 
results of these proportions.
From figure 5.39, the results o f risk intersection locations found that group based 
concentrations of less than 10 percent, 10 to 20 percent, 20 to 30 percent, 30 to 40 
percent, and 40 to 50 percent have the high proportion, 3.98, 4.13, 1.56, 1.43, and 1.05 
respectively. However, only few locations exist in the group based concentration o f less 
than 10 percent and 10 to 20 percent. This causes these group based concentrations to 
have higher proportion than expected. Therefore, they should not be taken into the 
consideration. Additionally, the proportion of group based concentration o f greater than 
50 percent is 0.88. From these results, it could be summarized that at risk intersection 
locations the area where concentrations of the commercial area greater than 20 percent 
seems to be a high pedestrian risk locations.
On the other hand, the results o f risk non-intersection locations found that group 
based concentrations o f 20 to 30 percent, 30 to 40 percent, and 40 to 50 percent have the 
high proportion, 3.97, 2.79, and 1.51 respectively. The group based concentrations of 
lesser than 10 percent and 10 to 20 percent are undefined as these groups are not found in 
the risk non-intersection locations. Additionally, the proportion o f the group based 
concentration of greater than 50 percent is 0.95. From these results, it could be 
summarized that, at risk non-intersection locations, the area where concentrations of the 
commercial area greater than 20 percent also to be a high pedestrian risk locations.
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It could thus be hypothesized that either intersection or non-intersection locations, 
pedestrian crashes are disproportionately likely to exist where the concentration of 
commercial area is greater than 20 percent.
Intersection O Non intersectionPercent ofcrashes
120% 1
108.6%
106 1%
9 7 .3%100% --
90.5%89 .0%
74.4%
6 6 .7% 6 6 .7%
55.6%
57,2%
20%
0 .0% 0.0%
0%
<10% 10 to 20% 20 to 30% 30 to 40% 40 to 50% >50%
Percent Commercial Area
Figure 5.38 Pedestrian crashes by Group Based Concentration o f Commercial Area
Intersection 0  Non intersectionPercent of area
900% 1 '
761 .6%
800% -
657.0%
700%
600% --
500% - 438.5
400% -
200%  -
79.0% 0.0%
100%  - -
31 .8% 0.0% 0.0%0 .0%0%
<10% 20 to 30% 30 to 40% 40 to 50% >50%
Percent Commercial Area
Figure 5.39 Percent o f Commercial Area by Group Based Concentration
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Intersection Non intersectionProportion
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1.00
0.50 - —
.00 .00
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<10% 10 to 20% 20 to 30% 30 to  40%
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Figure 5.40 Proportion between Percent o f crashes and Percent o f Commercial Area by
Group Based Concentration
In conclusion, from the descriptive analysis, the number of crashes per zone decreases 
as the concentrations o f residential area increase, while the number o f crashes per zone 
increases as the concentration of commercial area increases. However, based on the ratio 
of the number o f crashes to the percent o f area, both commercial area and residential are 
found to be related to the pedestrian crashes.
Chapter Summary
This chapter provides discussions of results from descriptive analysis for both 
selected intersection and non-intersection locations. As a summary, for the on-roadway 
network characteristics, factors that would relate to pedestrian crashes can be summarized
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as follows. Pedestrian crashes mostly occurred on the streets where the posted speed 
limit is at least 30 mph. However, the location where posted speed limit is 30 or 35 mph 
has a higher number o f crashes than the locations where the speed limit is at least 40 
mph. Also, most crashes occurred on the principal and minor urban arterial streets. At 
intersection locations, crashes occurred in a good light condition more often than in dark 
or dusk light conditions. At non-intersection locations, the numbers o f crashes in the 
dark or dusk light conditions are higher than number o f crashes which occurred in good 
light condition. However, by considering only fatal crashes, crashes in the dark or dusk 
light conditions are higher than crashes in the good light condition both at intersection 
and non-intersection locations.
For off roadway network characteristics, the population aged less than 5 years old are 
likely to be disproportionately involved in crashes at intersection locations, while 
population aged 55 years old are likely to be disproportionately involve in crashes at non 
intersection locations. Therefore, the young and elderly populations are at a greater risk 
to be involved in pedestrian crashes than other groups. For the minority population, 
pedestrian crashes are high in the areas that have a high concentration of the Hispanic 
Latino and African American populations. High concentration o f low income and high 
income household areas are also found to be significantly related to the number o f 
pedestrian crashes. Finally, crashes were found to be high in the areas that have a high 
concentration o f residential or commercial land use.
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CHAPTER 6
EVALUATION OF FACTORS RELATED TO PEDESTRIAN HIGH CRASH 
LOCATIONS: A CASE STUDY IN THE LAS VEGAS METROPOLITAN AREA 
In chapter 5, several variables for both on and off roadway network characteristics 
were identified to be related to risk locations. These variables are speed limit, divided 
and undivided roadways, four lanes roadways, six lanes roadways, light conditions, 
population aged under 17 years (young population), population aged 55 years or older 
(elderly population), African-American population, Asian and Pacific-Islander 
populations, Hispanic-Latino populations, annual household incomes less than $20,000 
(low income household), annual household incomes greater than $50,000 (high income 
household), residential land use area, and commercial land use areas. In this chapter, 
these variables are used as input for the analysis of factors related to pedestrian high 
crash locations. Following the discussion in Chapter 4: Research Methodology, this 
chapter begins with the discussion of variables used in the analysis. The results of the 
analysis for factors related to high intersection pedestrian crash locations and high non 
intersection pedestrian crash locations are then provided.
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Summary of Data Used for the Analyses 
Dependent Variables
As discussed in chapter 4: Research Methodology, binary logistic regression analysis 
is used in this research. Hence, the dependent variables should be in format o f binary 
variables where 0 refers to low pedestrian crash locations and 1 refers to high pedestrian 
crash locations. For grouping these locations, crash rates in the form of number of 
crashes per million o f vehicles per year per lane are used. Two methods are used for 
grouping these crash rates: first using the median of crash rates as the cut off point and 
the second method uses the third quartile o f crash rates as the cut off point. The results o f 
these groupings are summarized next.
Grouping Locations fo r  High Pedestrian Risk-Intersection Locations
A total 157 intersection locations were selected for the study. Table A .l in Appendix 
A, lists these locations. Figure 6.1 presents summary descriptive statistics o f crash rates 
at these locations. The results o f Anderson-Darling normality test show that these crash 
rates fit a normal distribution. However, the test o f Skewness and Kurtosis presents 
values o f 1.24 and 1.89 respectively. The positive value o f the Skewness test indicates 
that this crash rate distribution has a positive skew, piled-up to the left. The Kurtosis test 
also indicates that crash rates at the risk intersection locations have a sharper peak, 
thinner shoulders, and fatter tails than a normal distribution. The maximum crash rate is 
3.92 and the minimum crash rate is 0.24. Additionally, crash rates at these locations have 
a mean o f 1.24, standard deviation of 0.69, and variance o f 0.48. Finally, the median and 
third quartile o f these crash rates is 1.12 and 1.63, respectively.
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Using the median as a cut-off point, the results o f grouping found that 79 locations 
fall into low crash locations and 78 locations fall into high crash locations. On the other 
hand, the results o f grouping locations, using the third quartile as a cut point, found that 
118 locations fall into low crash locations, and 39 locations fall into high crash locations. 
Table 6.1 again presents the summary o f these grouping results. Figure 6.2 present the 
locations of high crash locations, using the median as the cut off point. Figure 6.3 
presents the locations of high crash locations using the third quartile as the cut off point.
Summary of Descriptive Statistics 
Variable; CRASH RATE
Anderson-Darling Normality T est
JTl  ITT)
95%  Confidence Interval for Mu
0.98
I
1,08 1.18
I
1.28
I
1.38
95% Confidence Interval for M edian
A-Squared: 3.220
P-Value: 0.000
M ean 1.23968
StOev 0.69299
Variance 0.480240
S kew ness 1.24391
Kurtosis 1.89455
N 157
Minimum 0.24000
1st Quartile 0.66500
Median 1.12000
3rd Quartile 1.62500
Maximum 3.92000
95%  Confidence Interval for Mu
1.13043 1.34893
95%  Confidence Interval for Sigma
0.62389 0.77945
95%  Confidence Interval for Median
1.00753 1.22247
Figure 6.1 Descriptive Statistics for Crash Rates at Selected Intersection Locations
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Table 6.1 Summary of Grouping o f High Risk Locations
LOCATION
TYPE
CUT
POINT VALUE
NUMBER OF 
LOW CRASH 
LOCATIONS
NUMBER OF 
HIGH CRASH 
LOCATIONS
TOTAL
Intersection Median 1.12 79 78 157
Q3 1.63 118 39 157
Non Intersection Median &29 18 18 36
Q3 0.48 28 8 36
Grouping Locations fo r  High Pedestrian Risk-Non Intersection Locations
A total 36 non intersection locations were selected for the study. Table A.2 in 
appendix A lists these locations. Figure 6.4 presents summary descriptive statistics of 
crash rates at these locations. The results o f the Anderson-Darling normality test, show 
that these crash rates fit a normal distribution. However, tests o f Skewness and Kurtosis 
present the values of 1.09 and 0.71 respectively. The positive value o f the Skewness test 
indicates that this crash rate distribution has a positive skew, piled-up to the left. The 
Kurtosis test also indicates that crash rate distribution at the non-intersection locations 
has sharper peak, thinner shoulders, and fatter tails than the normal distribution, although 
these differences are smaller than for intersection locations. The maximum crash rate is 
1.06 and the minimum crash rate is 0.07. Additionally, crash rates at these locations have 
a mean of 0.36, standard deviation o f 0.24, and variance o f 0.06. Finally, the median and 
third quartile o f these crash rates is 0.29 and 0.49, respectively.
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Figure 6.3 High Pedestrian Crash Intersection Locations (using the Q3)
Using the median as the cut off point, 18 locations fall into low crash locations and 18 
locations are fall into high crash locations. On the other hand, the results o f grouping 
locations using the third quartile as the cut off point has 28 locations in the low crash 
category and 8 locations in the high crash locations category. Table 6.1 also presents the 
summary o f these grouping results. Figure 6.5 present the locations o f high crash 
locations using the median as the cut off point. Figure 6.6 presents the locations o f high 
crash locations, using the third quartile as the cut off point.
Summary of Descriptive Statistics 
Variable: CRRATE
Anderson-Darling Normality T est
95%  Confidence Interval for Mu
0.2
I
0.3
I
I
0.4
I
95% Confidence Interval for M edian
A-Squared: 1.142
P-Value; 0.005
Mean 0.359167
StOev 0.243385
Variance 0.0592
Skew ness 1.09412
Kurtosis 0.713809
N 36
Minimum 0.07000
1st Quartile 0.17000
Median 0.29000
3rd Quartile 0.48750
Maximum 1.06000
95%  C onfidence Interval for Mu
0.27682 0.44152
95% Confidence Interval for Sigm a
0.19741 0.31748
95% Confidence Interval for M edian
0.21000 0.40529
Figure 6.4 Descriptive Statistics for Crash Rates at Risk Non Intersection Locations
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Figure 6.6 High Pedestrian Crash Non Intersection Locations (using the Q3)
Independent Variables 
As discussed in chapter 4, to avoid the problem of multiple collinearity in the 
regression equation, the on and off roadway network variables are not directly used as the 
independent variables in the binary logistic regressions. Instead, these variables are used 
as inputs for PC A in constructing the factor scores. These factor scores are then used as 
the independent variables in the binary logistic regression model. Table 6.2 summarizes 
the on and off roadway network variables used in the PCA for intersection locations. 
Table 6.3 summarizes the on and off roadway network variables used in the PCA for non 
intersection locations.
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Table 6.2 On and Off Roadway Network Variables for Intersection Locations
V ARIABLE D EFINITIO N M EAN M EDIAN
ST
DEV M IN
M AX Q i Q3
SPL
Proportion o f  
roadway where 
the posted speed 
limit is higher 
than 35 mph
0.2681 0.25 0.2521 0 1 0 0.5
DUD
Proportion o f  
divided roadway
0.3936 0.385 0.2355 0 1 0.25 0.5
FL
Proportion o f  the 
four lanes 
roadway
0.4255 0.4 0.194 0 1 0.286 0.571
SL
Proportion o f  the 
six lanes 
roadway
0.1723 0.167 0.156 0 0.75 0 0.25
LITC
Proportion o f  
dark and dusk 
light conditions
0.213 0.2 0.1606 0 0.667 0.108 0.3205
AU17
Population age 
under 17 years 
old (in 1,000)
4.532 4.576 2.462 0.385 12.01 2.603 5.958
A550V
Population age 
55 years old and 
older (in 1,000)
3.6 3.519 1.532 0.353 8.469 2 3 6 7 4.692
AFAM
African- 
American 
population 
(in 1,000)
0.2688 0.174 0.4168 0 3.121 0.047 0.334
ASPC
Asian and 
Pacific-Islander 
population (in 
1,000)
0.1424 0.116 0.1247 0 0.593 0.0505 0.1955
HISP
Hispanic-Latino 
population 
(in 1,000)
0.807 0.646 0.7367 0 3.663 0.2395 1.1355
L20K
Household 
income less than 
$20,000 (in 
1,000)
2.1954 2.024 1.1737 0.227 6.225 1.2835 2.927
G50K
Household 
income greater 
than $50,000 (in 
1,000)
1.8532 1.774 0.923 0.231 4.819 1.171 2.5135
RES Residential area 
(in 100 acres)
0.58 0.4206 0.5379 0 2.738 0.1657 0.8835
CQM Commercial area 
(in 100 acres)
1.2064 0.9839 0.9531
0.011
3
6.622
7 0.6843 1.3989
Note: STDEV -  Standard Deviation, MIN -
Third Quartile
Minimum, MAX -  Maximum, Q1 -  First Quartile, Q3
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Table 6.3 On and Off Roadway Network Variables for Non Intersection Locations
VARIABLE DEFINITION MEAN MEDIAN STDEV MIN MAX Ql Q3
SPL
Proportion o f  
roadway where 
the posted speed 
limit is higher 
than 35 mph
0.3991 0.333 0.363 0 1 0 0.667
DUD
Proportion o f  
divided roadway 0.5598 0.667 0.3407 0 1 0.2805 0.8122
FL
Proportion o f  the 
four lanes 
roadway
0.3872 0333 0.304 0 1 0.1603 0.5
SL
Proportion o f  the 
six lanes 
roadway
0.2805 0.333 0.2354 0 0.667 0 0.486
LITC
Proportion o f  
dark and dusk 
light conditions
0.3625 0.333 0.1764 0 0.75 0.2708 0.5
AU17
Population age 
under 17 years 
old (in 
1,000)
3.371 2.779 2.315 0.385 8.792 1.662 5.018
A550V
Population age 
55 years old and 
older (in 1,000)
3.072 2382 1.675 0.342 6.753 1.558 4.166
AFAM
African- 
American 
population 
(in 1,000)
0.2027 0.181 0.1636 0 0.44 0.036 0.353
ASPC
Asian and 
Pacific-Islander 
population (in 
1,000)
0.2437 0.168 0.2195 0 0.593 0.051 0.39
HISP
Hispanic-Latino 
population (in 
1,000)
0.763 0.347 0338 0 2.437 0.148 1.143
L20K
Household 
income less than 
$20,000 (in 
1,000)
1.881 1.742 1.029 0.218 4.889 1.235 2.322
G50K
Household 
income greater 
than $50,000 (in 
1,000)
1.607 1.364 0.868 0.26 3.781 0.887 2.33
RES
Residential area 
(in 100 acres) 0.5421 0.4157 0.4277 0 1.5007 0.1984 0.8348
CQM
Commercial area 
(in 100 acres) 2.13 1.873 1.236 0.248 4.136 1.074 3.216
Note: STDEV -  Standard Deviation, MIN -  Minimum, MAX -  Maximum, Q l -  First Quartile, Q3 •
Third Quartile
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Results Analysis o f Factor Related to High Intersection Pedestrian Crash Locations 
Appendix B presents all results from both PCA and binary logistic regression analysis 
for high intersection pedestrian crash locations. Results discussions o f PCA and binary 
logistic regression analysis are presented next.
Results o f  Principal Component Analysis 
Table 6.4 presents results o f principal component analysis from pedestrian risk 
intersection locations. From this table, the results show that factor scores o f PCI, PC2, 
and PC3 could describe 50.5% (0.505) of the total variation between risk intersection 
locations. By adding factor scores o f PC4, PC5, and PC6, these results could describe 
76.2% (0.762) o f the total variation. Moreover, the factor scores of PCI to PC9 could 
describe 90.3% (0.903) o f the total variation between these risk intersection locations.
Additionally, variable loadings in table 6.4 present how each factor is related to the 
original variables. In this research, the loadings that greater than or equal to 0.3 will be 
highlighted and indicated as the main variables. This rule of thumb, using 0.3 as the cut 
off point for indicating the main variables, were selected because by using 0.3, each 
factor can be appropriately described the main variables.
Furthermore, even though, the results o f principal component analysis from table 6.4 
are clearly explained the main components that mostly describe the total variation of the 
risk intersection locations. However, these results do not present the components that 
describe the total variation o f the high risk intersection locations. Conversely, the factors 
that have small variation for the risk intersection locations, P C I0 to PC I4, may found to 
be significantly related to the high risk intersection locations. Hence, all 14 factors from 
the results of principal component analysis in table 6.4 are used for the logistic regression
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analysis. The results o f logistics regression analysis for the intersection locations are 
presented next.
Results o f  Binary Logistic Regression Analysis
Table 6.5 summarizes the principal components (factors) that were found to be 
significant in the models. The analyses used the median or the third quartile of crash rate 
to distinguish between high and low crash locations. Table 6.6 presents results from the 
binary logistic model based on the median o f crash rates. Results in this table are results 
from the last step o f regression model building using back ward elimination method. P- 
values of Wald statistic (Z scores) are lower than 0.05. This presents that each factor in 
the model is significant related to the independent variables. G statistic also has the p- 
value lesser than 0.01, which indicates statistical significant o f the model. Additionally, 
two goodness o f fit tests were found to be significant (p-value greater than 0.05). These 
goodness o f fit tests are Pearson (P-value = 0.369) and Hosmer-Lemeshow (P-value = 
0.167).
Table 6.7 presents the results of binary logistic model based on the third quartile. 
Results in this table are also the last step o f regression model building using back ward 
elimination method. P-values of Wald statistic (Z scores) are lower than 0.05. This 
presents that each factor in the model is significant related to the independent variables.
G statistic also has the p-value lesser than 0.01, which indicates statistical significant o f 
the model. Additionally, two goodness o f fit tests were found to be significant (p-value 
greater than 0.05). These goodness o f fit tests are Deviance (P-value = 0.654) and 
Hosmer-Lemeshow (P-value = 0.264). Further, result interpretations of these tables are 
presented next.
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Table 6.4 Principal Component Analysis Results of Selected Intersection Locations
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VARIABLE PCI PC2 PC3 PC4 PCS PC6 PC7 PCS PC9 PCIO PCll PC12 PC13 PC14
SPEC 0.337 -0.394 -0.003 0.165 0.029 0.151 0.108 -0.056 -0.118 -0.389 -0.062 -0.702 0.056 -0.027
DUD 0.293 ■0.439 0.022 0.021 -0.204 0.185 -0.178 0.125 -0.247 0.310 -0.134 0.315 0.566 -0.047
FL 0.039 -0.255 0.006 ■0.597 ■0.380 0.293 -0.041 0.024 -0.002 0.108 -0.198 -0.024 -0.541 -0.012
SL 0.294 -0.252 -0.052 0.458 0.031 ■0.392 0.060 0.127 -0.185 0.343 0.035 0.100 -0.547 0.018
LITC 0.003 ■0.303 0.198 -0.126 ■0.413 -0.533 0.354 -0.018 0.396 -0.238 0.123 0.133 0.158 -0.022
AU17 0.344 0.091 -0.076 ■0.400 0.186 -0.181 0.156 -0.472 -0.037 0.439 0.309 -0.210 0.140 0.198
A550V 0.422 0.311 0.132 0.057 -0.105 0.068 -0.029 0.336 0.330 0.008 -0.247 -0.040 0.029 0.635
AFAM 0.093 -0.035 ■0.512 -0.085 -0.004 ■0.399 -0.562 -0.240 0.137 -0.190 -0.364 0.010 0.025 0.001
ASPC -0.001 0.133 ■0.531 0.092 -0.091 0.117 0.673 -0.093 -0.039 0.061 -0.431 0.100 0.069 -0.054
HISP 0.076 0.078 ■0.572 0.061 ■0.362 0.155 -0.086 0.271 0.063 -0.056 0.642 -0.043 0.008 0.016
L20K 0.170 0.477 0.155 -0.063 ■0.345 -0.252 -0.059 0.227 -0.170 0.184 -0.149 -0.329 0.098 -0.524
H50K 0.465 0.028 0.031 0.048 0.259 0.266 -0.006 -0.085 0.549 -0.030 0.054 0.225 -0.099 -0.519
RES 0.307 0.270 0.172 0.129 -0.321 0.094 -0.020 -0.472 -0.386 ■0.403 0.090 0.336 -0.117 0.069
COM -0.248 -0.018 0.093 0.431 ■0.408 0.204 -0.146 -0.455 0.347 0.364 -0.052 -0.225 0.004 0.042
Eigenvalue 3.019 2.361 1.695 1.437 1.215 0.935 0.790 0.676 0.513 0.426 0.407 0.292 0.176 0.058
Proportion 0.216 0.169 0.121 0.103 0.087 0.067 0.056 0.048 0.037 0.030 0.029 0.021 0.013 0.004
Cumulative 0.216 0.384 0.505 0.608 0.695 0.762 0.818 0.866 0.903 0.933 0.962 0.983 0.996 1.000
Note:
•  See table 6.2 for variables’ definitions
•  Italic cells indicate the variables that have factor loading greater than 0.3. These variables are the main variables in factors
Table 6.5 Significant Factors in the High Intersection Pedestrian Crash Models
VARIABLE COY ARIA]VCE OF VARIABLES
PCI PC2 PC4 PC6 PC13
SPL 0.337 - 0.394 0.165 0.151 0.056
DUD 0.293 - 0.439 0.021 0.185 0.566
FL 0.039 -0.255 - 0.597 0.293 - 0.541
SL 0.294 -0.252 0.458 - 0.392 - 0.547
LITC 0.003 - 0.303 -0.126 - 0.533 0.158
AU17 0.344 0.091 -0.400 -0.181 0.140
A550V 0.422 0.311 0.057 0.068 0.029
AFAM 0.093 -0.035 -0.085 - 0.399 0.025
ASPC -0.001 0.133 0.092 0.117 0.069
HISP 0.076 0.078 0.061 0.155 0.008
L20K 0.170 0.477 -0.063 -0.252 0.098
H50K 0.465 0.028 0.048 0.266 -0.099
RES 0.307 0.270 0.129 0.094 -0.117
COM -0.248 -0.018 0.431 0.204 0.004
Eigenvalue 3.0191 2.361 1.4366 0.9354 0.1761
Proportion 0.216 0.169 0.608 0.762 0.013
Note: the italic cells indicate the main variables in factors
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Table 6.6 Binary Logistic Regression Model based on the Median Pedestrian Crash 
Intersection Locations
PREDICTOR COEF SECOEF Z
P-
VALUE
ODDS
RATIOS
95% Cl
LOWER UPPER
Constant -0.0176 0.1692 -0.10 0.917
PC2 0.2806 0.1134 2.47 0.013 1.32 1.06 1.65
PC6 -0.4244 0.1845 -2.30 0.021 0.65 0.46 0.94
PC13 1.0197 0.4201 2.43 0.015 2.77 1.22 6.32
Log-Likelihood =  -99 841
Test that all slopes are zero: G = 17.960, DF = 3, P-Value
Goodness-of-Fit Tests
Method Chi-Square DF P
Pearson 158.260 153 0.369
Deviance 199.681 153 0.007
Hosmer-Lemeshow 11.663 8 0.167
Table 6.7 Binary Logistic Regression Model based on the 3'̂ ‘* quartile Pedestrian Crash 
Intersection Locations
PREDICTOR COEF SECOEF Z
P-
VALUE
ODDS
RATIOS
95% Cl
LOWER UPPER
Constant -1.4306 0.2384 -6.00 0.000
PCI -0.3184 0.1237 -2.57 0.010 0.73 0.57 0.93
PC2 0.3651 0.1361 2.68 0.007 1.44 1.10 1.88
PC4 0.4471 0.1832 2.44 0.015 1.56 1.09 2.24
PC6 -0.5022 0.2317 -2.17 0.030 0.61 0.38 0.95
PC13 1.4666 0.5755 2.55 0.011 4.33 1.40 13.39
Log-Likelihood = -71.793
Test that all slopes are zero: G = 32.436, DF = 5, P-Value = 0.000
Goodness-of-Fit Tests
Method Chi-Square DF P
Pearson 347.278 151 0
Deviance 143.586 151 0.654
Hosmer-Lemeshow 10.02 0.264
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From Table 6.5, the factors that are found to be significant in both binary logistic 
models are PCI, PC2, PC4, PC6 and P C I3. These factors could be interpreted as 
follows:
• PCI ; High income residential area with high concentration o f young and elderly 
population and high speed roadways
• PC2: Area o f low income households with elderly population and undivided 
roadways
• PC4: Commercial land use area with six lane roadways
• PC6: African American population with poor light conditions and six lane 
roadway
• PC 13 : Divided roadways
Table 6.6 shows that when using the median of crash rates to indicate high and low 
crash locations, PC2, PC6, and PC 13 are significant in the model. However, only PC2 
and PC 13 have odds ratio greater than 1, 1.32 and 2.77 respectively. PC6 has an odds 
ratio o f 0.65. Hence, in this model, PC 13 has the strongest relationship to the high 
intersection pedestrian crash locations, followed by PC2 and PC6 respectively.
On the other hand. Table 6.7 shows that when using the third quartile to indicate high 
and low crash locations, PCI, PC2, PC6, and PC 13 are significant in the model. In this 
case, only PC2, PC4, and PC13 have odds ratios greater than 1 (1.44, 1.56, and 4.33 
respectively). PCI and PC6 have odds ratios of 0.73 and 0.61. Hence, in this model, PC 
13 has the strongest relationship to the high intersection pedestrian crash locations, 
followed by PC4, PC2, PCI and PC6, respectively.
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Finally, it can be summarized that the factors that are most closely related to high 
pedestrian crash intersection locations are PC2, PC4, and PCI 3. Discussions o f these 
factors are presented next.
PC2: Area o f  low income household with elderly population and undivided roadway 
PC2 is a factor that primarily represents a high concentration o f the low income 
households with elderly population and undivided roadways. For PC2, when using the 
median of crash rates to group high and low crash locations, one unit increase in the 
factor leads to about 1.32 times increase in the probability o f a location being a high 
crash location, when the other factors remain constant. When using the third quartile, an 
increase in the factor by 1 unit leads to about 4.33 times increase in the probability of 
locations being high crash locations. As discussed in chapter 2: Literature Review, 
people in low income household are more likely to walk than other income groups. 
Increasing number o f pedestrians would also increase number o f crashes. The high 
number of pedestrians would put the locations into the higher pedestrian risk areas when 
those locations also have a high concentration elderly population and higher proportions 
o f undivided roadways. Elderly pedestrians generally have slower walking speeds, 
slower than the typical speed used for designing the walking phase for traffic signals, 4 
feet per second. Without the right design o f signal phase or additional countermeasures 
on undivided roadways, the probability o f these locations being the high crash locations 
is increased.
PC4: Commercial land use area with six lane roadway
PC4 is a factor that primarily represents a high concentration of commercial and six 
lane roadways. PC4 is found to be significant only in the model, which uses the third
135
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quartile o f crash rates to indicate high and low crash locations. One unit increase in the 
factor leads to about 1.56 times increase in the probability o f locations being high crash 
locations, when the other factors are held constant. Commercial areas are expected to 
have a high number o f both pedestrians and vehicles. Pedestrian crashes could also be 
expected to be high when this commercial area is set beside the wide streets / roadways. 
PCI 3: Divided Roadway
PC I3 is a factor that primarily represents divided roadways. When using the median 
o f crash rates to group high and low crash locations, one unit increase in the factor results 
in about 3 times increase in the probability o f locations being high crash locations, when 
the other factors remain constant. When using the third quartile, one unit increase in the 
factor results in about 4.33 times increase in the probability of locations being high crash 
locations. It should be noted that most of the intersection locations selected for this study 
have divided medians that were not designed for being a pedestrian rest area. However, 
these medians could encourage more pedestrians to illegally cross the street. The illegal 
crossing may be either not crossing at the crosswalk or not waiting for the crossing 
signal. Hence, more pedestrians are put themselves at risk, while they are trapped in the 
middle o f the streets.
Factors PCI and PC6 have odds ratio less than 1, which indicates that a change in 
these factors does not much affect the probability o f locations being high crash locations. 
Factor PCI primarily represents areas that have high concentration of high income 
residential, young and elderly population, and high speed roadways. An increase in PCI 
will decrease the probability o f locations being high crash locations. Different from low 
income populations factor PC2, high income population have more choices of
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transportations besides walking. Especially, the high income residential areas with high 
concentration of elderly and young population are more likely to favor using vehicles 
than walking trips. This favor of vehicle trips is the reason that this factor is combined 
with the high speed roadway variables (proportion o f roadway speed limit greater than 35 
mph). A smaller number of walking trips would decrease number o f pedestrian crashes. 
Factor PC6 primarily represents a high concentration of African-American population 
and proportion of dark or dusk light conditions. Additionally, the descriptive statistics in 
Chapter 5 also indicated that the African-American population and dark or dusk light 
conditions have only a small relationship to the intersection pedestrian crashes.
Finally, as a benefit o f building the binary logistic regression models, two probability 
equations that would be used for ranking high intersection pedestrian crash locations in 
follow up studies are as follows:
Probability o f  Intersection Locations with a Crash Rate Higher than the Median
P (Y  l^PC2,PC(^,PC^^) ĵ _̂(_o.0176+0.2806PC2-0.4244PC6+1.0197PC|3) (^-l)
Where,
Y = 0 indicates low crash locations, 1 indicates high crash locations 
PC] = -0.394*SPL -  0.439*DUD -  0.255*FL -  0.252*SL -  0.303*LITC + 0.091 *AU17 
+ 0.311*A55OV -  0.035*AFAM + 0.133*ASPC + 0.078*HISP + 0.477*L20K 
+0.028*G50K + 0.270*RES -  0.018*COM
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PCô =  0 .1 5 P S P L  +  0 .1 8 5 * D U D  +  0 .2 9 3 * F L  -  0 .3 9 2 * S L -  0 .5 3 3 * L IT C  -  0 .1 8 1 * A U 1 7  + 
0 .068*  A 5 5 0 V  -  0 .399* A F A M  +  0 .1 17*A S P C  +  0 .155*H IS P  -  0 .2 5 2 * L 2 0 K  
+ 0 .2 6 6 * G 5 0 K  +  0 .094*R E S  +  0 .2 0 4 * C O M  
PCi3 =  0 .0 5 6 * S P L  +  0 .5 6 6 * D U D  -  0 .5 4 1 * F L  -  0 .5 4 7 * S L  +  0 .1 5 8 * L IT C  +  0 .140*  A U 17 
+  0 .029*  A 5 5 0 V  +  0 .0 2 5 * A F A M  +  0 .069*  A S P C  + 0 .0 0 8 * H IS P  +  0 .0 9 8 * L 2 0 K  -  
0 .0 9 9 * G 5 0 K  - 0 . 1 1 7*R E S -  0 .0 0 4 * C O M
Probability o f  Intersection Locations with a Crash Rate Higher than the 3'̂ '̂  Quartile
P { Y  = \ \ P C \ ,P C 2 ,P C „ P C „ P C „ )  '
2 _l_ ^ -(-1 .4 3 0 6 -0 .3 1 84/>C| +0.365 IPC; +0.447IfQ -0.5022PQ +1.4666/>C ,3) 
(6.2)
Where,
Y = 0 indicates low crash locations, 1 indicates high crash locations 
PC, = 0.337*SPL + 0.293*DUD + 0.039*FL + 0.294*SL -  0.003*LITC + 0.344* AUl 7 
+ 0.422*A550V + 0.093*AFAM -  0.001*ASPC + 0.076*HISP + 0.170*L20K 
+0.465*G50K + 0.307*RES -  0.248*COM 
PC] = -0.394*SPL -  0.439*DUD -  0.255*FL -  0.252*SL -  0.303*LITC + 0.091 *AU17 
+ 0.311*A55OV -  0.035*AFAM + 0.133*ASPC + 0.078*HISP + 0.477*L20K 
+0.028*G50K + 0.270*RES -  0.018*COM 
PC4 = 0.165*SPL + 0.021 *DUD -  0.597*FL + 0.458*SL -  0.126*LITC -  0.400* AUl 7 + 
0.057*A550V -  0.085*AFAM + 0.092*ASPC + 0.061 *HISP -  0.063*L20K 
+0.048*G50K + 0.129*RES + 0.431*COM
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PCô =  0 .1 5 1 * S P L  +  0 .1 8 5 * D U D  +  0 .2 9 3 * F L -  0 .3 9 2 * S L -  0 .5 3 3 * L IT C  -  0 .1 8 P A U 1 7  + 
0 .0 6 8 * A 5 5 0 V  -  0.399* AFAM +  0.117* ASPC +  0 .1 5 5 * H IS P  -  0 .2 5 2 * L 2 0 K  + 
0 .2 6 6 * G 5 0 K  +  0 .0 9 4 * R E S  +  0.204*COM 
PCi3 = 0.056*SPL +  0 .5 6 6 * D U D  -  0.541 *FL -  0.547*SL +  0.158*LITC + 0.140* AUl 7 
+ 0.029* A550V + 0.025*AFAM + 0.069* A S P C  +  0 .0 0 8 * H IS P  +  0 .0 9 8 * L 2 0 K  -  
0 .0 9 9 * G 5 0 K  -  0 .1 17*R E S -  0 .004*C O M
Results Analysis o f Factor Related to Fligh Non Intersection Pedestrian Crash Locations 
Appendix C presents results from the PCA and binary logistic regression analysis for 
high pedestrian crash non intersection locations. Results discussions o f PCA and binary 
logistic regression analysis are presented next.
Results o f  Principal Component Analysis 
Table 6.8 presents results o f principal component analysis from pedestrian risk non 
intersection locations. From this table, the results show that factor scores o f PCI, PC2, 
and PC3 could describe 64.1% (0.641) o f the total variation between risk non intersection 
locations. By adding factor scores o f PC4, PC5, these results could describe 83.2% 
(0.832) o f the total variation. Moreover, the factor scores of PCI to PC9 could describe 
95.9% (0.959) o f the total variation between these risk non intersection locations.
Additionally, variable loadings in table 6.8 present how each factor is related to the 
original variables. In this research, the loadings greater than or equal to 0.3 will be 
highlighted and indicated as the main variables. This rule of thumb, using 0.3 as a cut 
point for indicating the main variables, were selected because of, by using 0.3, each 
factor can be appropriately described the main variables.
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Furthermore, even though, the results o f principal component analysis from table 6.8 
are clearly explained the main components that mostly describe the total variation o f the 
risk non intersection locations. However, these results do not present the components 
that describe the total variation o f the high risk non intersection locations. Conversely, 
the factors that have small variation for the risk non intersection locations, PC 10 to PC 14, 
may found to be significantly related to the high risk non intersection locations. Hence, 
all 14 factors from the results o f principal component analysis in table 6.8 are used for the 
logistic regression analysis. The results o f logistics regression analysis for the non 
intersection locations are presented next.
Results o f  Binary Logistic Regression Analysis 
Table 6.9 summarizes the principal components (factors) that were found to be 
significant in the models for the analyses. The analyses used the median or the 3'̂ '̂  
quartile o f crash rates to categorize location into high and low crash categories. Table 
6.10 presents results from the binary logistic model based on the median o f crash rates. 
Results in this table are results from the last step of regression model building using back 
ward elimination method. P-values o f Wald statistic (Z scores) are lower than 0.05. This 
presents that each factor in the model is significantly related to the independent variables. 
G statistic also has the p-value lesser than 0.01, which indicates statistical significance o f 
the model. Additionally, three goodness o f fit tests were found to be significant (p-value 
greater than 0.05). These goodness o f fit tests are Pearson (P-value = 0.641), Deviance 
(P-value = 0.598), and Hosmer-Lemeshow (P-value = 0.167).
Table 6.11 presents results o f the binary logistic model based on the third quartile of 
crash rates. Results in this table are results from the last step o f regression model
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building using back ward elimination method. P-values of Wald statistic (Z scores) are 
lower than 0.05. This presents that each factor in the model is significantly related to the 
independent variables. G statistic also has the p-value lesser than 0.01, which indicates 
statistical significance o f the model. Additionally, three goodness o f fit tests were found 
to be significant (p-value greater than 0.05). These goodness o f fit tests are Pearson (P- 
value = 0.9), Deviance (P-value = 0.84), and Hosmer-Lemeshow (P-value = 0.986). 
Further, result interpretations o f these tables are presented next.
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Table 6.8 Principal Component Analysis Results of Selected Non Intersection Locations
3.
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VARIABLE PCI PC2 PC3 PC4 PCS PC6 PC7 PCS PC9 PCIO P C ll PC12 PC13 PC14
SPLC -0.118 -0.164 -0.403 ■0.353 ■0.392 ■0.309 -0.175 0.211 -0.019 0.499 -0.203 -0.093 -0.222 -0.005
DUD 0.075 -0.161 ■0.536 -0.273 0.047 -0.227 0.285 ■0.373 -0.128 -0.273 0.030 0.282 0.390 0.100
FL -0.122 -0.067 0.322 ■0.570 -0.286 -0.022 0.121 -0.222 -0.040 ■0.394 0.235 -0.273 ■0.311 -0.154
SL -0.092 -0.063 ■0.560 0.253 0.236 0.191 -0.207 -0.291 0.128 -0.145 0.170 ■0.342 ■0.432 -0.141
L ire 0.058 -0.074 -0.078 ■0.569 0.337 0.602 -0.137 0.161 0.287 0.159 0.052 0.099 0.141 0.020
AU17 ■0.414 -0.053 0.048 0.128 ■0.300 0.301 -0.028 ■0.320 -0.163 0.338 0.455 0.134 0.091 0.386
A 550V ■0.441 -0.015 -0.095 -0.012 0.192 -0.049 0.355 0.418 0.100 -0.262 -0.102 -0.083 -0.199 0.566
AFAM 0.004 ■0.546 0.163 0.067 0.166 -0.184 -0.086 0.017 0.148 -0.015 0.164 0.618 -0.408 -0.069
ASPC -0.001 ■0.547 0.108 0.070 0.072 -0.245 -0.281 0.144 0.161 -0.069 0.261 ■0.455 0.450 0.106
fflSP -0.001 ■0.516 0.125 0.047 0.162 0.282 0.300 -0.162 ■0.466 0.178 ■0.437 -0.219 -0.058 -0.058
L20K ■0.356 0.150 0.107 -0.073 0.429 -0.321 0.374 -0.159 0.192 0.423 0.173 -0.109 0.075 ■0.344
G50K ■0.437 -0.048 -0.166 0.070 -0.088 0.162 -0.045 0.438 -0.349 -0.218 0.150 0.154 0.190 ■0.543
RES ■0.311 0.179 0.139 -0.196 0.381 -0.214 ■0.600 -0.203 ■0.364 -0.087 -0.229 0.070 0.009 0.156
COM 0.416 0.104 -0.069 -0.104 0.265 -0.110 0.083 0.272 ■0.539 0.148 0.514 -0.090 -0.184 0.139
Eigenvalue 4.084 2.729 2.158 1.668 1.005 0.709 0.486 0.328 0.256 0.193 0.179 0.116 0.073 0.018
Proportion 0.292 0.195 0.154 0.119 0.072 0.051 0.035 0.023 0.018 0.014 0.013 0.008 0.005 0.001
Cumulative 0.292 0.487 0.641 0.760 0.832 0.882 0.917 0.940 0.959 0.972 0.985 0.993 0.999 1.000
Note:
•  See table 6.3 for variables’ definitions
•  Italic cells indicate the variables that have factor loading greater than 0.3. These variables are the main variables in factor
Table 6.9 Significant Factors in the High Non Intersection Pedestrian Crash Models
VARIABLE COVARIANCE OF VARIABLES
PCI PC4 PCS PC7 P C ll
SPL -0.118 - 0.353 - 0.392 -0.175 -0.203
DUD 0.075 -0.273 0.047 0.285 0.030
FL -0.122 - 0.570 -0.286 0.121 0.235
SL -0.092 0.253 0.236 -0.207 0.170
LITC 0.058 - 0.569 0.337 -0.137 0.052
AUl 7 - 0.414 0.128 -0.300 -0.028 0.455
A550V - 0.441 -0.012 0.192 0.355 -0.102
AFAM 0.004 0.067 0.166 -0.086 0.164
ASPC -0.001 0.070 0.072 -0.281 0.261
HISP -0.001 0.047 0.162 0.300 - 0.437
L20K - 0.356 -0.073 0.429 0.374 0.173
G50K - 0.437 0.070 -0.088 -0.045 0.150
RES - 0.311 -0.196 0.381 - 0.600 -0.229
COM 0.416 -0.104 0.265 0.083 0.514
Eigenvalue 4.0836 1.6675 1.0048 0.4861 0.179
Proportion 0.292 0.119 0.072 0.035 0.985
Note: the highlighted cells indicate the main variables in factors
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Table 6.10 Binary Logistic Regression Model based on the Median Pedestrian Crash Non 
Intersection Locations
PREDICTOR COEF SE Z P- ODDS
95% Cl
COEF VALUE RATIOS LOWER UPPER
Constant -0.0625 0.4847 -0.13 0.897
PCI -0.6490 0.2854 -2.27 0.023 0.52 0.30 0.91
PC4 0.9916 0.4687 2.12 0.034 2.70 1.08 6.75
PC5 1.1932 0.5966 2.00 0.046 3.30 1.02 10.62
PC7 -1.8823 0.9133 -2.06 0.039 0.15 0.03 0.91
Log-Likelihood = -14.226
Test that all slopes are zero: G = 21.456, DP = 4, P-Value =  0.000
Goodness-of-Fit Tests
Chi-
Method Square DF P
Pearson 27.615 31 0.641
Deviance 28.451 31 0.598
Hosmer-Lemeshow 5.871 8 0.662
Table 6.11 Binary Logistic Regression Model based on the 3'̂ ‘* Quartile Pedestrian Crash 
Non Intersection Locations
PREDICTOR COEF SE Z P- ODDS
95% Cl
COEF VALUE RATIOS LOWER UPPER
Constant -2.1812 0.7759 -2.81 0.005
PC4 1.0666 0.5327 2 0.045 2.91 1.02 8.25
P C ll 3.651 1.564 2.33 0.02 38.5 1.79 825.88
Log-Likelihood = -12.500
Test that all slopes are zero: G = 13.140, DF = 2, P-Value = 0.001
Goodness-of-Fit Tests
Chi-
Method Square DF P
Pearson 23.121 33 0.9
Deviance 24.999 33 0.84
Hosmer-Lemeshow 1.808 8 0.986
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From results in table 6.9, the factors that are found to be significant in both binary
logistic models are PCI, PC4, PC5, PC7 and P C ll. These factors could be interpreted as
follows:
• PCI: Mix land use
• PC4: Six lanes undivided roadways
• PC5: Low income residential area with dark or dusk light roadway conditions
• PC7 : Residential areas
• PC 11 : Commercial area with dark or dusk light roadway conditions 
The results from table 6.10 shows that when using the median of crash rates to
indicate high and low crash locations, PCI, PC4, PC5, and PC7 are significant in the 
model. However, only PC4 and PC5 have the odds ratio greater than 1, 2.70 and 3.30 
respectively. PCI and PC7 have the odds ratio o f 0.52 and 0.15. Hence, in this model, 
PC5 has the strongest relationship to the high intersection pedestrian crash locations, 
followed by PC4, PCI, and PC7, respectively.
On the other hand. Table 6.11 shows that when using the third quartile to indicate 
high and low crash locations, PC4 and P C ll are significant in the model. In this case, 
both PC4 and PCI 1 have odds ratios greater than 1 (2.91 and 38.50, respectively).
Hence, in this model, PC 11 has the strongest relationship to the high intersection 
pedestrian crash locations, followed by PC4.
Finally, it can be summarized that the factors that are most closely related to high 
pedestrian crash intersection locations are PC4, PC5, and PCI 1. Discussions o f these 
factors are presented next.
PC4: Six lanes undivided roadways
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PC4 is a factor that primarily represents locations that have high proportion o f six 
lanes undivided roadways. For the PC4 when using the median o f crash rate to group 
high and low crash locations, one unit increase in the factor leads to about 3 times 
increase in the probability o f a location being a high crash location, when the other 
factors remain constant. When using the third quartile, an increase in the factor by one 
unit lead to about 3.3 times increase in the probability o f locations being high crash 
locations.
This type o f roadway geometric design is one o f the typical locations where non 
intersection pedestrian crashes occurred. Several pedestrian crashes on wide streets with 
undivided roadway may be due to jay walkers who were trapped in the middle o f street. 
PC5: Low income residential area with dark or dusk roadway light conditions
PC5 is a factor that primarily represents low income residential area with dark or dusk 
roadway light conditions. PC5 is found to be significant only in the model which uses 
the median of crash rates to indicate high and low crash locations. One unit increase in 
the factor leads to about 3.3 times increase in the probability o f a location being a high 
crash location, when other factors remain constant. As also discussed for intersection 
locations, low income residential areas may be expected to have a higher number of 
pedestrians. All other factors being the same, this would lead to more number o f crashes 
than the areas which have smaller number o f pedestrian exposures. Additionally, the 
combination o f high pedestrian exposure and poor roadway light conditions would 
contribute to more pedestrian crashes at the non intersection locations. Unlike 
intersection locations, drivers at non intersection locations generally do not expect
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pedestrians on the roadway. Dark or dusk roadway light conditions further exacerbate 
the risk to pedestrians.
P C ll:  Commercial area with dark or dusk light roadway conditions
PC 11 is a factor that primarily represents commercial area with dark or dusk light 
roadway conditions. PCI 1 is found to be significant only in the model which uses the 
third quartile o f crash rates to indicate high and low crash locations. One unit increase in 
the factor lead to about 38.50 times increase in the probability o f locations being high 
crash locations, when the other factors are held constant. As also for intersection 
locations, commercial areas are expected to have both high number o f pedestrian and 
vehicle exposures which would increase the potential for conflicts between pedestrians 
and vehicles. Additionally, the combination o f high pedestrian and vehicle exposures and 
poor roadway light conditions would also cause more pedestrian crashes at non 
intersection locations. Unlike at intersection locations, drivers at non intersection 
locations generally do not expect pedestrians in the roadway, and dark or dusk roadway 
light conditions further contribute an increased potential for pedestrian-vehicle conflicts.
Factors PCI and PC7 have odds ratio less than 1, which indicates that a change in 
these factors does not much affect the probability o f locations being high crash locations. 
Factor PCI indicates the residential and commercial land uses area. The magnitude of 
variables in this factor indicates that an increase o f residential area and populations will 
increase the probability o f locations being high pedestrian crash non intersection 
locations. This factor may also indicate the sprawl in land use where the development 
tends to favor motorists than pedestrians. Factor PC7 primarily represents land use. This 
factor is closely related to factor 1 which indicates that an increase o f residential area and
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population will increase the probability o f locations being high pedestrian crash non 
intersection locations.
From the binary logistic regression models, two probability equations that could be 
used for ranking the high pedestrian crash non intersection locations in follow up studies 
are as follows:
Probability o f  Non Intersection Locations with a Crash Rate Higher than the Median
P{Y  l |^ C ,, f  f  Q  , f  ) -(-0.0625-0.6490fC,+0.99l6PC4+1.1932fC;-l.8823PC7)
Where,
Y = 0 indicates low crash locations, 1 indicates high crash locations
PC] = -0.118*SPL + 0.075*DUD -  0.122*FL -  0.092*SL + 0.058*LITC -  0.414*AU17
-  0.441 *A550V + 0.004*AFAM -  0.001 *ASPC -  0.001 *HISP -  0.356*L20K
-  0.437*G50K-0.311 *RES + 0.416*C0M
PC4 = -0.353*SPL -  0.273*DUD -  0.570*FL + 0.253*SL -  0.569*LITC + 0.128*AU17
-  0.012*A550V + 0.067*AFAM + 0.070*ASPC + 0.047*HISP -  0.073*L20K 
+0.070*G50K -  0.196*RES -  0.104*COM
PCs = -0.392*SPL + 0.047*DUD -  0.286*FL + 0.236*SL + 0.337*LITC -  0.300*AUl 7 
+ 0.192*A55OV + 0.166* AFAM + 0.072* ASPC + 0.162*HISP + 0.429*L20K
-  0.088*G50K + 0.381*RES + 0.265*COM
PC? = -0.175*SPL + 0.285*DUD + 0.121*FL -  0.207*SL- 0.137*LITC -  0.028*A U l7 
+ 0.355*A55OV -  0.086*AFAM -  0.281* ASPC + 0.300*HISP + 0.347*L20K
-  0.045*G50K -  0.600*RES + 0.083*COM
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Probability o f  Non Intersection Locations with a Crash Rate Higher than Third Quartile
P {Y  \\PC^,PC^Q  ^ ^  g-(-2.l8l2+l.0666fQ+3.65IPC||)
Where,
Y = 0 indicates low crash locations, 1 indicates high crash locations
P C 4 -  -0 .3 5 3 * S P L  -  0 .2 7 3 * D U D  -  0 .5 7 0 * F L  +  0 .2 5 3 * S L  -  0 .5 6 9 * L IT C  +  0 .1 28*A U 17 
-  0 .0 1 2 * A 5 5 0 V  +  0 .0 6 7 * A F A M  + 0 .0 7 0 * A S P C  +  0 .0 4 7 * H IS P  -  0 .0 7 3 * L 2 0 K  
+ 0 .0 7 0 * G 5 0 K  -  0 .1 9 6 * R E S  -  0 .104*C O M  
P C ll =  -0 .1 18*SPL  +  0 .0 7 5 * D U D  -  0 .1 2 2 * F L  -  0 .0 9 2 * S L  +  0 .058*L 1T C  -  0 .4 1 4 * A U 17 
-  0.441 * A 5 5 0 V  +  0 .0 0 4 * A F A M  -  0.001*ASPC -  0.001 *H IS P  -  0 .3 5 6 * L 2 0 K
-  0 .4 3 7 * G 5 0 K  -  0 .3 1 1*R E S +  0 .416*C O M
Chapter Summary
Several factors related to high pedestrian crash locations have been evaluated in this 
chapter. For high pedestrian crash intersection locations, the results found that the main 
explanatory are high concentrations o f low income households, young and elderly 
populations, commercial areas, and six lanes roadways. Both divided roadways and 
undivided roadways are found to be significant in increasing the probability o f a location 
being a high crash location. However, increasing the proportion o f undivided roadways 
will increase the probability o f locations being high crash locations only when these 
undivided roadways are in the area o f low income household and have significant elderly
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population. Locations that have a high concentration o f African-American population 
and poor roadway light conditions have only a small probability o f being high crash 
locations. Finally, an increase in areas that have a high concentration o f high income 
residential area, young and elderly populations, and high speed roadways will likely 
decrease the probability o f locations being high crash locations.
For high pedestrian crash non intersection locations, when using the median o f crash 
rates to indicate the high crash locations, high concentrations o f the low income 
residential areas with poor light conditions are found to be primary factors that increase 
the probability of locations being high crash locations. The other main factor is the 
increase o f proportion o f six lane undivided roadways. However, when using the third 
quartile o f crash rates to indicate the high crash locations, the primary factors play a role 
in high crash locations are high concentrations o f commercial land use, poor roadway 
light conditions, and six lanes undivided roadways.
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CHAPTER 7
SUMMARY AND CONCLUSIONS 
In this research. On and Off- roadway network characteristics were evaluated using 
both descriptive statistics and multivariate models. Several factors related to high 
pedestrian crash locations were presented. These factors are as follows;
Intersection Locations
• High income residential area with high concentration o f young and elderly 
population and high speed roadways
• Area o f low income household with elderly population and undivided roadway
• Commercial land use with six lane roadways
• African American population, with poor light conditions and six lane roadway
• Divided roadways
Non Intersection Locations
• Mixed residential and commercial land use areas
• Six lanes undivided roadways
• Low income residential area with dark and dusk light roadway conditions
• Residential land use
• Commercial land use with dark or dusk roadway light conditions
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Additionally, models for estimating the probability o f locations being high crash 
locations were developed. However, in some situations, these models may be provide 
awkward results or the unexpected outcomes. Causes o f these awkward results and 
unexpected outcomes could be summarized as follows:
• The models (provided in equation 6.2-6.4) were constructed based on the 
database from the Las Vegas metropolitan area. Therefore, using these models 
in the other areas may cause o f incorrect classification o f high crash locations. 
Different areas have different types o f land use, area o f concentrations, and 
crash patterns.
• The database used in this research has some limitation. Several variables that 
could not be collected in this research may be also significantly related to high 
pedestrian crash locations. These variables include number of transit riders, 
number o f alcohol sales outlets, actual pedestrian volumes, types o f crosswalks, 
and auto ownerships in the area.
• The model use crash rates that were calculated based on number o f crashes per 
million o f vehicles per year per lane. The results o f probability models in 
equation 6.1-6.4 may be different, if  the crash rates were differently calculated.
• On-network variables used in this research were developed using the 
classification o f NDOT crash database instead ofiexisting geometric roadway 
data. As the discussions in Chapter 4: Research Methodology, crash data may 
be recorded differently as the roadways were changed over time. Therefore, 
using the current roadway conditions data, instead of crash records, may lead to 
changes to the models
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Additionally from problems discussed previously, further research that could 
pursue summarized as follows;
• Improve models by adding more variables, such as: number o f transit riders, 
number o f pedestrians, and number o f alcohol outlets
• Consider time series data, such as crash rate per year and population per year. 
However, by considering time series data, autocorrelation would have to be 
considered. Autocorrelation is the errors in time series data that exhibit serial 
correlation.
• Use Poisson distribution, binomial distribution, or empirical Bayesian models 
to estimate number of crashes at each locations and use this number for 
grouping the high crash locations, instead of using crash rates
• Compare the probability equations provided in this research with other ranking 
methods
• Compare the probability equations provided in this research (using crash rates) 
with other probability equations estimated from models that use Poisson 
distribution, binomial distribution, or empirical Bayesian models
• Instead o f using the median and third quartile for grouping the locations, 
researches may be conducted the sensitivity analyses to determine the exact 
point where the factors related to high crash locations are changing
• Instead o f using only locations in the Las Vegas metropolitan area, use 
locations that are located in different areas, such as locations from the entire 
state o f Nevada.
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• Use the same processes developed in this research in the other locations and 
compare the results to find the most common factors related to pedestrian high 
crash locations.
Finally, the results of this thesis may be used as a guide line and tool to assist 
engineers and planners to identify the specific issues and areas in improving pedestrian 
safety in the Las Vegas Metropolitan area. On the other hand, even though the results of 
the case study provided in this research may not be usable in the other study areas, the 
process and methodology could still be useful and appropriate guideline for these areas.
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APENDIX A
SELECTED STUDY LOCATIONS
Table A l. Selected Intersection Locations
Location Code Location Name Total Crashes ADT / Lane Crash Rate
18 LAS VEGAS/PECOS 13 3,319 3.92
22 STEWART/LAS VEGAS 10 2,767 3.61
37 CARSON/LAS VEGAS 8 2,462 3.25
7 LAS VEGAS/FREMONT 14 4,336 3.23
36 BRIDGER/LAS VEGAS 7 2,411 2.90
1 LAS VEGAS/SAHARA 27 9,339 2.89
2 FLAMINGO/MARYLAND 24 8,472 2.83
4 LAS VEGAS/RIVIERA 18 6,425 2.80
15 CHARLESTON/MARYLAND 13 4,710 2.76
9 CHARLESTON/NELLIS 19 7,858 2.42
6 TROPICANA/MARYLAND 20 8,388 2.38
27 LAKE MEAD/PECOS 12 5,255 2.28
102 CRAIG/NELLIS 6 2,642 2.27
141 FREMONT/BRUCE 4 1,823 2.19
14 CHARLESTON/LAS VEGAS 13 6,053 2.15
138 FREM0NT/9TH 5 2,396 2.09
3 SPRING M OUNTAIN/SANDS 23 11,248 2.04
40 LAKE MEAD/MCDANIEL 10 4,916 2.03
38 OGDEN/CASINO CENTER 8 3,957 2.02
159 CARS0N/3RD 5 2,563 1.95
82 CHEYENNE/PECOS 6 3,124 1.92
45 LAGUNA/MARYLAND 10 5,449 1.84
28 CHARLESTON/LAMB 12 6,555 1.83
17 LAKE MEAD/LAS VEGAS 13 7,146 1.82
8 SIERRA VISTA/MARYLAND 16 8,873 1.80
29 LAKE MEAD/NELLIS 10 5,575 1.79
13 DESERT INN/MARYLAND 15 8,404 1.78
23 OAKEY/LAS VEGAS 10 5,677 1.76
11 FLAMINGO/KOVAL 16 9,328 1.72
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Table A l. Selected Intersection Locations (Continue)
Location Code Location Name Total Crashes ADT / Lane Crash Rate
21 TROPICANA/KOVAL 11 6,390 1.72
83 CHEYENNE/LAS VEGAS 5 2,944 1.70
24 TWAIN/MARYLAND 12 7,114 1.69
26 CHARLESTON/EASTERN 11 6,517 1.69
60 FLAMINGO/JONES 8 4,744 1.69
5 FLAMINGO/LAS VEGAS 21 12,602 1.67
120 STEWART/MARION 3 1.805 1.66
19 DESERT INN/BOULDER 13 7,875 1.65
140 FREMONT/15TH 4 2,428 1.65
160 FREM 0NT/7TH 5 3,042 1.64
43 CHARLESTON/BRUCE 7 4,361 1.61
54 CHARLESTON/JONES 8 4,967 1.61
44 CHARLESTON/BURNHAM 8 5,005 1.60
31 RENO/LAS VEGAS 8 5,090 1.57
16 SAHARA/MARYLAND 13 8,414 1.55
41 BONANZA/EASTERN 8 5,187 1.54
33 BRIDGER/MAIN 7 4,613 1.52
142 FREMONT/21ST 4 2,654 1.51
112 OWENS/MAIN 4 2,675 1.50
126 TW Am/CAM BRIDGE 6 4,028 1.49
62 FLAMINGO/ARVILLE 9 6,069 1.48
34 BONANZA/F 7 4,809 1.46
116 BONANZA/PECOS 4 2,768 1.45
134 CHARLESTON/PECOS 6 4,188 1.43
46 SIERRA VISTA/SW ENSON 7 4,958 1.41
12 FLAMINGO/PARADISE 14 9,987 1.40
56 SAHARA/DECATUR 8 5,713 1.40
50 CHARLESTON/SHADOW 8 5,843 1.37
106 SUNSET/GREEN VALLEY 5 3,771 1.33
118 BONANZA/NELUS 6 4,500 1.33
42 STEWART/NELLIS 8 6,059 1.32
144 LAS VEGAS/CLOSE TO PRUITT 4 3,072 1.30
25 TROPICANA/PECOS 11 8,505 1.29
58 EDNA/DECATUR 7 5,537 1.26
68 LAKEME AD/JONES 6 4,757 1.26
109 CAREY/BELMONT 4 3,200 1.25
20 LAS VEGAS/HARMON 12 9,750 1.23
57 SAHARA/VALLEY VIEW 9 7,400 1.22
117 BONANZA/LAMB 5 4,122 1.21
143 BONANZA/MARYLAND 4 3,331 1.20
59 SPIUNG MOUNTAIN/DECATUR 7 5,878 1.19
158 TROPICANA/BOULDER 5 4,197 1.19
48 LAS VEGAS/MAIN 8 6,781 1.18
76 SAHARA/ARVILLE 6 5,106 1.18
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Table A l. Selected Intersection Locations (Continue)
Location Code Location Name Total Crashes ADT / Lane Crash Rate
103 SUNSET/EASTERN 6 5,170 1.16
35 BONANZA/LAS VEGAS 7 6,108 1.15
61 FLAMINGO/DECATUR 7 6,078 1.15
105 SUNSET/ANNIE OAKLEY 3 2,600 1.15
107 LAS VEGAS/BRUCE 4 3,535 1.13
135 CHARLESTON/MOJAVE 3 2,687 1.12
139 FREMONT/MARYLAND 3 2,673 1.12
39 LAKE MEAD/MARTIN L KING 7 6,360 1.10
79 CAREY/MARTIN L KING 6 5,439 1.10
121 OWENS/LAMB 4 3,716 1.08
94 TWAIN/DECATUR 4 3,743 1.07
53 CHARLESTON/RAINBOW 8 7,532 1.06
149 TWAIN/ROYAL CREST 4 3,854 1.04
55 SAHARA/RAINBOW 8 7,792 1.03
67 SMOKE RANCH/JONES 4 3,878 1.03
155 FLAMINGO/BOULDER 6 5,867 1.02
64 CHEYENNE/BUFFALO 4 3,941 1.01
78 DESERT INN/ARVILLE 4 3,965 1.01
110 LAKE MEAD/BRUCE 5 5,018 1.00
125 TWAIN/SWENSON 5 5,005 1.00
99 VEGAS VALLEY/NELLIS 6 6,076 0.99
73 MEADOWS/DECATUR 6 6,147 0.98
47 DUMONT/MARYLAND 7 7,218 0.97
69 VEGAS/JONES 4 4,241 0.94
113 W ASfflNGTON/M AIN 4 4,249 0.94
72 CHARLESTON/TORREY PINES 5 5,373 0.93
89 CHARLESTON/RANCHO 6 6,429 0.93
104 WARM SPRING/EASTERN 5 5,400 0.93
133 CHARLESTON/17TH 5 5,390 0.93
88 PALOMINO/RANCHO 4 4,348 0.92
32 HARMON/PARADISE 8 8,878 0.90
49 STARDUST/LAS VEGAS 7 7,784 0.90
93 FLAMINGO/RAINBOW 6 6,682 0.90
51 WASHINGTON/DECATUR 6 6,735 0.89
119 STEWART/LAMB 4 4,816 0.83
146 BONNEVILLE/LAS VEGAS 4 4,835 0.83
114 WASHINGTON/LAS VEGAS 3 3,988 0.75
156 FLAMINGO/NELLIS 6 8,222 0.73
70 SMOKE RANCH/RAINBOW 3 4,160 0.72
87 BONANZA/MARTIN L KING 5 6,916 0.72
152 TROPICANA/MOUNTAIN VISTA 4 5,746 0.70
96 TROPICANA/VALLEY VIEW 5 7,200 0.69
130 FLAMINGO/ALGONQUIN 6 8,742 0.69
145 SAHARA/NELLIS 4 5,825 0.69
90 OAKEY/MAJN 5 7,480 0.67
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Table A l. Selected Intersection Locations (Continue)
Location Code Location Nam e Total Crashes ADT / Lane Crash Rate
85 WASHINGTON/RANCHO 5 7,604 0.66
63 TROPICANAÆASTERN 6 9,174 0.65
77 PENNWOODWALLEY VIEW 6 9,168 0.65
111 LAKE MEAD/CIVIC CENTER 5 7,792 0.64
100 HAPPY VALLEY/NELLIS 5 7,950 0.63
80 CHEYENNE/LOSEE 4 6,565 0.61
129 FLAMINGO/CLAYMONT 5 8,221 0.61
66 CHEYENNE/RANCHO 4 6,623 0.60
132 FLAMINGO/BURNHAM 5 8,412 0.59
71 ALTA/JONES 3 5,203 0.58
74 CHARLESTON/DECATUR 4 6,841 0.58
123 MANDALAY BAY/LAS VEGAS 4 6,910 0.58
127 DESERT INN/EASTERN 5 8,571 0.58
131 FLAMINGO/SPENCER 4 7,077 0.57
151 TROPICANA/SPENCER 5 8,808 0.57
97 TROPICANA/POLARIS 5 8,945 0.56
153 TROPICAN A/WILBUR 4 7,202 0.56
95 SPRING M O U N T A IN S ALLEY VIEW 5 9,097 0.55
98 TROPICANA/INDUSTRIAL 5 9,101 0.55
75 CH ARLESTONS ALLEY VIEW 4 7,439 0.54
86 BONANZA/RANCHO 5 9,432 0.53
65 CHEYENNE/TENAYA 3 5,997 0.50
91 UTAH/MAIN 4 7,953 0.50
157 BOULDER/NELLIS 4 7,959 0.50
154 UNIVERSITY/MARYLAND 3 6,166 0.49
115 HINKLE/EASTERN 3 6,297 0.48
147 CHARLESTON/MAIN 4 8,268 0.48
136 MESQUITE/EASTERN 3 6,420 0.47
92 SAHARA/RANCHO 5 10,843 0.46
150 SAHARA/EASTERN 4 8,791 0.46
81 CHEYENNE/CIVIC CENTER 3 6,836 0.44
101 FLAMINGO/SANDHILL 4 9,350 0.43
137 CONVENTION CENTER/PARADISE 4 9,942 0.40
122 BONANZA/H 5 12,707 0.39
124 FLAMINGO/AUDRIE 5 12,795 0.39
128 FLAMINGO/SWENSON 3 7,749 0.39
108 LAS VEGAS/CIVIC CENTER 3 7,815 0.38
84 VEGAS/RANCHO 3 8,012 0.37
148 CHARLESTON/MARTIN L KING 3 12,679 0.24
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Table A l .  Selected Non-Intersection Locations
Location Code Location Name Total Crashes ADT / Lane Crash Rate
27 BONANZAAV OF H 3 2,826 1.06
31 CHARLESTONAV OF ARLINGTON 4 4,711 0.85
1 LAS VEGAS/N OF FLAMINGO 19 24,257 0.78
7 KOVAL/N OF ROCHELLE 6 7,844 0.76
11 MARYLAND/S OF DESERT INN 6 8,873 0.68
3 FLAMINGO/E OF LAS VEGAS 9 14,095 0.64
8 PARADISE/N OF HARMON 6 10,663 0.56
24 SAHARA/E OF DECATUR 3 5,607 0.54
25 DECATUR/ N OF EDNA 3 6,062 0.49
17 HARMON/W OF SWENSON 4 8,300 0.48
10 LAS VEGAS/S OF SAHARA 6 13,410 0.45
2 LAS VEGAS/S OF RIVIERA 12 28,699 0.42
12 FLAMINGOAV OF KOVAL 4 9,927 0.40
32 BOULDER/N OF DESERT ENN 5 12,360 0.40
28 EASTERN/ S OF BONANZA 3 7,602 0.39
36 TROPICANA/E OF EASTERN 3 9,344 0.32
34 FLAMINGOAV OF SPENCER 3 9,900 0.30
35 TROPICANA/E OF SPENCER 3 9,886 0.30
33 BOULDER/S OF DESERT NN 4 14,245 0.28
5 LAS VEGAS/N OF HARMON 4 14,846 0.27
22 SAHARA/ W OF MARYLAND 4 17,280 0.23
29 LAMB/N OF STEWART 3 12,881 0.23
9 LAS VEGAS/S OF SPRING MOUNTAIN 6 27,902 0.22
19 LAS VEGAS (CIRCUS CIRCUS AND SAHARA) 3 14,093 0.21
30 NELLIS/N OF BONANZA ■ 3 14,335 0.21
21 PARADISE/ N OF RIVERA 3 15,364 0.20
20 SAHARA/ W OF LAS VEGAS 2 11,621 0.17
26 LAKE MEAD/E OF MARTIN L KING 2 12,011 0.17
23 SAHARA/E OF MARYLAND 3 19,009 0.16
15 LAS VEGAS/S OF TROPICANA 3 19,930 0.15
4 LAS VEGAS/N OF BELLAGIO 5 39,295 0.13
16 LAS VEGAS/S OF MANDALAY BAY 3 24,517 0.12
14 LAS VEGAS/N OF TROPICANA 2 18,307 0.11
6 TROPICAN A/E OF LAS VEGAS 5 53,546 0.09
13 LAS VEGAS/S OF HARMON 3 33,563 0.09
18 FLAMINGO/ W OF PARADISE 2 29,191 0.07
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APPENDIX B
PCA AND LOGISTIC RESULTS FROM MINITAB
Intersection locations
Principal Component Analysis:
E i g e n a n a l y s i s o f  t h e C o r r e l a t i o n M a t r i x
E i g e n v a l u e 3 . 0 1 9 1 2 . 3 6 1 0 1.6954 1 . 4 3 6 6 1 . 2 1 5 2 0 . 9 3 5 4
P r o p o r t i o n 0 . 2 1 6 0 . 1 6 9 0 . 1 2 1 0 . 1 0 3 0 . 0 8 7 0 . 0 6 7
C u m u l a t i v e 0 . 216 0 . 3 8 4 0 . 5 0 5 0 . 6 0 8 0 . 6 9 5 0 . 762
E i g e n v a l u e 0 . 7 8 9 7 0 . 6 7 6 2 0 . 5 1 2 7 0 . 4 26 3 0.4069 0 . 2 9 1 7
P r o p o r t i o n 0 . 056 0 . 048 0 . 0 3 7 0 . 030 0 . 029 0 . 021
C u m u l a t i v e 0 . 8 1 8 0 . 866 0 . 903 0 . 9 3 3 0 . 962 0 . 983
E i g e n v a l u e 0 . 1 7 6 1 0 . 0 5 7 8
P r o p o r t i o n 0 . 0 1 3 0 . 004
C u m u l a t i v e 0 . 996 1 .  000
V a r i a b l e PCI PC2 PC3 PC4 PCS PC6
SPLC 0 . 3 3 7 - 0 . 3 9 4 - 0 . 0 0 3 0 . 1 6 5 0 . 029 0 . 1 5 1
DUD 0 . 293 - 0 . 4 3 9 0 . 022 0 . 021 -0 . 2 0 4 0 . 185
FL 0 . 039 - 0 . 2 5 5 0 . 006 - 0  . 597 - 0 . 3 8 0 0 . 2 9 3
SL 0 . 2 9 4 - 0 . 2 5 2 - 0 . 0 5 2 0 . 45 8 0 . 031 -0 .3 9 2
LITC 0 . 0 0 3 - 0 . 3 0 3 0 . 1 9 8 - 0 . 1 2 6 - 0 . 4 1 3 - 0 . 5 3 3
AUl 7 0 . 344 0 . 091 - 0 . 0 7 6 -0  . 4 0 0 0 . 1 8 6 - 0 . 1 8 1
A550V 0 . 4 2 2 0 . 311 0 . 13 2 0 . 0 5 7 - 0 . 1 0 5 0 . 068
AFAM 0 . 093 - 0 . 0 3 5 -0  . 512 - 0 . 0 8 5 - 0 . 0 0 4 - 0 . 3 9 9
ASPC - 0 . 0 0 1 0 . 13 3 - 0 . 5 3 1 0 . 092 - 0 . 0 9 1 0 . 1 1 7
HISP 0 . 0 7 6 0 . 0 7 8 -0  . 572 0 . 061 - 0 . 3 6 2 0 . 1 5 5
L20K 0 . 170 0 . 4 7 7 0 . 1 5 5 - 0 . 0 6 3 - 0 . 3 4 5 - 0 . 2 5 2
H50K 0 . 4 6 5 0 . 028 0 . 0 3 1 0 . 048 0 . 2 5 9 0 . 2 6 6
RES 0 . 3 0 7 0 . 2 7 0 0 . 172 0 . 1 2 9 -0  . 3 2 1 0 . 0 9 4
COM - 0 . 2 4 8 - 0 . 0 1 8 0  .  0 9 3 0 . 4 3 1 - 0  . 4 0 8 0  . 2 0 4
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V a r i a b l e PC7 PC8 PC9 PCIO P C l l PC12
SPLC 0 . 1 0 8 - 0 . 0 5 6 - 0 . 1 1 8 - 0 . 3 8 9 - 0 . 0 6 2 - 0 . 7 0 2
DUD - 0  . 1 7 8 0 . 125 - 0 . 2 4 7 0 . 3 1 0 - 0 . 1 3 4 0 . 3 1 5
FL - 0  . 041 0 . 024 - 0 . 0 0 2 0 . 1 0 8 - 0 . 198 - 0 . 0 2 4
SL 0 . 060 0 . 1 2 7 - 0 . 1 8 5 0 . 3 4 3 0 . 035 0 . 1 0 0
LITC 0 . 3 5 4 - 0 . 0 1 8 0.396 - 0 . 2 3 8 0 . 1 23 0 . 133
AUl 7 0 . 1 5 6 - 0 . 4 7 2 - 0 . 0 3 7 0 . 4 3 9 0 . 3 0 9 -0  . 2 1 0
AS 50V - 0 . 0 2 9 0 . 3 3 6 0 . 3 3 0 0 . 008 -0  . 247 - 0 . 0 4 0
AFAM - 0 . 5 6 2 - 0 . 2 4 0 0 . 1 3 7 - 0 . 1 9 0 - 0 . 3 6 4 0 . 010
ASPC 0 . 6 7 3 - 0 . 0 9 3 -0  . 039 0 . 061 - 0 . 4 3 1 0 . 100
HISP - 0 . 0 8 6 0 . 2 7 1 0 . 063 - 0 . 0 5 6 0 . 642 - 0 . 0 4 3
L20K - 0 . 0 5 9 0 .2 27 - 0 . 1 7 0 0 . 18 4 - 0 . 1 4 9 - 0 . 3 2 9
H50K - 0 . 0 0 6 - 0 . 0 8 5 0 . 549 - 0  . 030 0 . 054 0 . 22 5
RES - 0  . 020 - 0 . 4 7 2 - 0 . 3 8 6 - 0 . 4 0 3 0 . 090 0 . 3 3 6
COM - 0  . 1 4 6 - 0 . 4 5 5 0 . 3 4 7 0 . 36 4 - 0 . 0 5 2 - 0 . 2 2 5
V a r i a b l e PC13 PC14
SPLC 0 . 056 - 0  . 027
DUD 0 . 5 6 6 - 0  . 047
FL - 0 . 5 4 1 - 0 . 0 1 2
SL - 0 . 5 4 7 0 . 0 1 8
LITC 0 . 1 5 8 - 0  . 022
AUl 7 0 . 1 4 0 0 . 1 9 8
AS 50V 0 .0 2 9 0 . 635
AFAM 0 . 0 2 5 0 . 0 0 1
ASPC 0 . 069 - 0  . 054
HISP 0 . 008 0 . 016
L20K 0 . 098 - 0 . 5 2 4
H50K - 0 . 0 9 9 - 0 . 5 1 9
RES - 0 . 1 1 7 0 . 069
COM 0 . 004 0 . 042
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Logistic Regression; Using “Median” to identify the high crashes locations
Link Function; Logit
Response Information
V a r i a b l e V a l u e C o u n t
GROUP 1 78 ( E v e n t )
0 79
T o t a l 157
L o g i s t i c R e g r e s s i o n  ’T a b l e
Odds 95% Cl
P r e d i c t o r C o e f SE C o e f Z P R a t i o Lo we r U p p e r
C o n s t a n t - 0 . 0 1 7 6 0 . 1 6 9 2 - 0 . 1 0  0 . 9 1 7
p c 2 0 . 2 8 0 6 0 . 1 1 3 4 2 . 4 7  0 . 0 1 3 1 . 3 2 1 . 0 6 1 . 6 5
p c 6 - 0  . 4244 0 . 1 8 4 5 - 2 . 3 0  0 . 0 2 1 0 . 6 5 0 . 4 6 0 . 94
p c l 3 1 . 0 1 9 7 0 . 4 2 0 1 2 . 4 3  0 . 0 1 5 2 . 7 7 1 . 2 2 6 . 32
L o g - L i k e l i h o o d  = - 9 9 . 841
T e s t  t h a t a l l  s l o p e s a r e  z e r o  : G = 1 7 . 9 6 0 ,  DF = 3 ,  P - V a l u e = 0 . 0 0 0
G o o d n e s s - o f - F i t  T e s t s
M e t h o d C h i - S q u a r e DF P
P e a r s o n 1 5 8 . 2 6 0 153 0 . 3 6 9
D e v i a n c e 1 9 9 . 6 8 1 153 0 . 0 0 7
H o sm e r -L e m e sh o w 1 1 . 6 6 3 8 0 . 1 6 7
T a b l e  o f  O b s e r v e d  a n d  E x p e c t e d  F r e q u e n c i e s :
(Se e  H o s m e r - L e m e s h o w  T e s t  f o r  t h e  P e a r s o n  C h i - S q u a r e  S t a t i s t i c )
G r o u p
V a l u e
1
Obs
Exp
0
Obs
Exp
1 2 3 4 5 6 7 8 9 10 T o t a l
4
3 . 2
4
4 . 9
6
5 . 9
8
6 . 3
8
7 . 5
7
8 . 4
7
8 . 6
6
10 . 0
15
1 0 . 9
13 
12 .2
78
11 
1 1 .  8
12 
1 1 . 1
10 
10 . 1
7
8 . 7
8
8 . 5
9
7 . 6
8
6 . 4
10
6 . 0
1
5 .1
3
3 . 8
79
T o t a l 15 16 16 15 16 16 15 16 16 16 157
M e a s u r e s  o f  A s s o c i a t i o n :
( B e t w e e n  t h e  R e s p o n s e  V a r i a b l e  a n d  P r e d i c t e d  P r o b a b i l i t i e s )
P a i r s
C o n c o r d a n t
D i s c o r d a n t
T i e s
T o t a l
Numb er  P e r c e n t
42 55  69 .1%
18 80  30 .5%
27 0 .4%
616 2  100 .0%
Summary  M e a s u r e s  
S o m e r s '  D 0 . 3 9
G o o d m a n - K r u s k a l  Gamma 0 . 3 9
K e n d a l l ' s  T a u - a  0 . 1 9
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Logistic Regression; Using “Q3” to identify the high crashes locations
L i n k  F u n c t i o n :  L o g i t
R e s p o n s e  I n f o r m a t i o n
V a r i a b l e V a l u e C o u n t
GROUP 1 3 9 ( E v e n t )
0 118
T o t a l 157
L o g i s t i c R e g r e s s i o n  'T a b l e
Odds 95% Cl
P r e d i c t o r C o e f SE C o e f Z P R a t i o L o w e r U p p e r
C o n s t a n t - 1 . 4 3 0 6 0 . 2 3 8 4 - 6 . 0 0  0 . 0 0 0
p c i - 0 . 3 1 8 4 0 . 1 2 3 7 - 2 . 5 7  0 . 0 1 0 0 . 73 0 . 5 7 0 . 93
p c 2 0 . 3 6 5 1 0 . 1 3 6 1 2 . 6 8  0 . 0 0 7 1 . 4 4 1 . 1 0 1 . 8 8
p c 4 0 . 4 4 7 1 0 . 1 8 3 2 2 . 4 4  0 . 0 1 5 1 .  56 1 .  09 2 . 24
p c 6 - 0  . 5022 0 . 2 3 1 7 - 2 . 1 7  0 . 0 3 0 0 . 6 1 0 . 3 8 0 . 9 5
p c l 3 1 . 4 6 6 6 0 . 5 7 5 5 2 . 5 5  0 . 0 1 1 4 . 3 3 1 . 4 0 13 . 3 9
L o g - L i k e l i h o o d  = - 7 1 . 793
T e s t  t h a t a l l  s l o p e s a r e  z e r o  : G = 3 2 . 4 3 6 ,  DF = 5 ,  P - V a l u e = 0 . 0 0 0
G o o d n e s s - o f - F i t  T e s t s
M e t h o d C h i - S q u a r e DF P
P e a r s o n 347 . 27 8 151 0 . 0 0 0
D e v i a n c e 1 4 3 . 5 8 6 151 0 . 6 5 4
H o s m e r - L e m e s h o w 1 0 . 0 2 0 8 0 . 2 6 4
T a b l e  o f  O b s e r v e d  a n d  E x p e c t e d  F r e q u e n c i e s :
(S e e  H o s m e r - L e m e s h o w  T e s t  f o r  t h e  P e a r s o n  C h i - S q u a r e  S t a t i s t i c )
G r o u p
V a l u e 1 2 3 4 5 6 7 8 9 10 T o t a l
Obs 1 1 3 1 2 4 0 6 9 12 39
Exp 0 . 5 0 . 9 1 . 4 1 . 9 2 . 8 3 . 3 4 . 0 5 . 9 7 . 9 10 .5
Obs 14 15 13 14 14 12 15 10 7 4 118
Exp 14 . 5 15 .1 14 . 6 13 .1 13 . 2 12 . 7 1 1 .  0 10 .1 8 . 1 5 . 5
T o t a l 15 16 16 15 16 16 15 16 16 16 157
M e a s u r e s  o f  A s s o c i a t i o n :
( B e t w e e n  t h e  R e s p o n s e  V a r i a b l e  a n d  P r e d i c t e d  P r o b a b i l i t i e s )
P a i r s
C o n c o r d a n t
D i s c o r d a n t
T i e s
T o t a l
Nu mbe r  P e r c e n t
36 29  78.9%
964 20 .9%
9 0.2%
46 02  100 .0%
Summary  M e a s u r e s  
S o m e r s '  D 0 . 5 8
G o o d m a n - K r u s k a l  Gamma 0 . 5 8
K e n d a l l ' s  T a u - a  0 . 2 2
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Ordinal logistic regression: Using “K-S Normality Test” to identify the high,
Medium, and low crashes locations
L i n k  F u n c t i o n :  L o g i t
R e s p o n s e  I n f o r m a t i o n
V a r i a b l e  V a l u e  C o u n t
GROUP 0 30
1 115
2 12
T o t a l  157
L o g i s t i c  R e g r e s s i o n  'T a b l e
Odds 95% Cl
P r e d i c t o r C o e f SE C o e f Z P R a t i o L o w e r U p p e r
C o n s t (1) -1  . 6866 0 . 2 3 4 3 - 7 . 2 0 0 . 0 0 0
C o n s t (2) 2 . 8 2 5 9 0 . 3 3 3 6 8 . 4 7 0 . 000
p c 2 - 0 . 4 1 7 5 0 . 1 2 5 0 -3  . 34 0 . 0 0 1 0 . 6 6 0 . 52 0 . 84
p c 3 - 0 . 2 8 4 9 0 . 1 4 0 2 -2  . 03 0 . 042 0 . 7 5 0 . 57 0 . 99
p c 5 - 0 . 3 5 4 6 0 . 1 6 9 0 -2  . 1 0 0 . 036 0 . 7 0 0 . 50 0 . 98
p c 8 0 . 4 6 5 7 0 . 2 3 3 5 1 .  99 0 . 046 1 . 5 9 1 . 0 1 2 . 52
L o g - l i k e l i h o o d  = - 1 0 4 . 6 3 6
T e s t  t h a t  a l l  s l o p e s  a r e  z e r o :  G = 2 3 . 3 4 5 ,  DF = 4 ,  P - V a l u e  = 0 . 0 0 0
G o o d n e s s -- o f - F i t  T e s t s
M e t h o d C h i - S q u a r e DF
P e a r s o n 2 9 1 . 4 1 4 308 0
D e v i a n c e 2 0 9 . 2 7 2 308 1
M e a s u r e s o f A s s o c i a t i o n  :
( B e t w e e n t h e ! R e s p o n s e  V a r i a b l e  ,
P a i r s Number P e r c e n t
C o n c o r d a n t 3756 7 2 . 4 %
D i s c o r d a n t 1384 2 6 . 7 %
T i e s 50 1.0%
T o t a l 5190 100 .0%
, 0 0 0
Summary  M e a s u r e s  
S o m e r s '  D 0 . 4 6
G o o d m a n - K r u s k a l  Gamma 0 . 4 6
K e n d a l l ' s  T a u - a  0 . 1 9
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Non Intersection Locations
Principal Component Analysis:
E i g e n a n a l y s i s o f t h e C o r r e l a t i o n Mat:r i x
E i g e n v a l u e 4 . 0836 2 . '7285 2 . 1577 1 . 6675 1 . 0048 0 . 7094
P r o p o r t i o n 0 . 2 9 2 0 .1 9 5 0 . 154 0 . 1 1 9 0 . 0 7 2 0 . 051
C u m u l a t i v e 0 . 2 9 2 0 . 4 8 7 0 .6 4 1 0 . 7 6 0 0 . 832 0 . 882
E i g e n v a l u e 0 . ' 4861 0 . : 3275 0 . : 2561 0 . 1933 0 . 1790 0 . 1155
P r o p o r t i o n 0 . 035 0 . 023 0 . 018 0 . 014 0 .0 13 0 . 008
C u m u l a t i v e 0 . 917 0 . 940 0 . 959 0 .9 7 2 0 . 985 0 . 993
E i g e n v a l u e 0 . '0734 0 .10177
P r o p o r t i o n 0 . 005 0 . 001
C u m u l a t i v e 0 . 999 1 . 0 0 0
V a r i a b l e PCI PC2 PC3 PC4 PCS PC6
SPLC -0 . 118 -0 . 164 -0 .4 03 -0 .3 53 -0 . 3 9 2 -0 .3 0 9
DUD 0 . 075 - 0 .1 6 1 - 0 . 536 -0 .2 73 0 . 047 -0 . 2 2 7
FL -0 . 122 - 0 . 067 0 .3 2 2 -0 . 570 - 0 . 2 8 6 -0 . 022
SL -0 .0 9 2 -0 .0 6 3 -0 . 5 6 0 0 . 253 0 . 2 3 6 0 .1 9 1
LITC 0 . 058 -0 .0 7 4 -0 . 078 -0 . 569 0 . 3 3 7 0 .6 0 2
AUX 7 -0 .4 14 -0 .0 5 3 0 .0 4 8 0 . 128 -0 . 3 0 0 0 .3 0 1
AS 50V -0 .4 4 1 -0 . 015 -0 . 095 -0 . 012 0 . 1 9 2 -0 . 049
AFAM 0 . 004 -0 . 5 4 6 0 .1 6 3 0 . 0 6 7 0 . 166 -0 . 184
ASPC -0 . 001 - 0 . 547 0 . 108 0 . 070 0 . 072 -0 .2 4 5
HISP -0 . 001 -0 . 5 1 6 0 . 125 0 . 047 0 . 162 0 .2 8 2
L20K -0 .3 5 6 0 . 150 0 .1 0 7 -0 . 073 0 . 4 2 9 -0 .3 2 1
G50K -0 . 4 3 7 -0 . 0 4 8 -0 .1 6 6 0 .0 7 0 -0 . 088 0 . 162
RES -0 .3 1 1 0 . 179 0 . 139 -0 .1 9 6 0 . 3 8 1 -0 .2 1 4
COM 0 .4 1 6 0 . 1 0 4 -0 .0 6 9 -0 .1 0 4 0 . 2 6 5 -0 . 110
V a r i a b l e PC7 PC8 PC9 PCIO P C l l PC12
SPLC -0 . 175 0 .2 1 1 -0 . 0 1 9 0 . 4 9 9 - 0 .2 0 3 -0 .0 9 3
DUD 0 . 2 8 5 - 0 . 3 7 3 -0 . 128 -0 .2 7 3 0 . 0 3 0 0 .2 8 2
FL 0 .1 2 1 - 0 . 2 2 2 -0 . 040 -0 .3 9 4 0 . 2 3 5 - 0 . 273
SL - 0 . 2 0 7 -0 .2 9 1 0 . 128 -0 .1 4 5 0 . 170 -0 .3 42
LITC -0 . 1 3 7 0 . 161 0 .2 8 7 0 . 159 0 . 052 0 . 0 9 9
AU17 -0 . 0 2 8 - 0 . 3 2 0 -0 . 163 0 . 3 3 8 0 . 4 5 5 0 . 134
AS 50V 0 .3 5 5 0 . 4 1 8 0 . 1 0 0 -0 .2 6 2 -0 . 102 -0 .0 83
AFAM -0 .0 8 6 0 . 017 0 . 148 -0 . 015 0 . 164 0 .6 1 8
ASPC -0 .2 8 1 0 . 144 0 . 161 -0 .0 6 9 0 .2 6 1 -0 .4 5 5
HISP 0 . 3 0 0 -0 . 162 -0 .4 6 6 0 . 178 - 0 .4 3 7 -0 . 2 1 9
L20K 0 .3 7 4 - 0 . 159 0 .1 9 2 0 . 423 0 . 173 -0 . 109
G50K -0 . 045 0 . 4 3 8 -0 . 3 4 9 - 0 . 2 1 8 0 . 150 0 . 154
RES -0 .6 0 0 -0 .2 0 3 - 0 .3 6 4 -0 . 087 -0 . 2 2 9 0 . 070
COM 0 .0 83 0 . 2 7 2 -0 . 539 0 . 148 0 .5 1 4 -0 . 090
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V a r i a b l e PC13 PC14
SPLC - 0 . 2 2 2 - 0 . 0 0 5
DUD 0 .39 0 0 . 100
FL -0  . 31 1 - 0 . 1 5 4
SL - 0 . 4 3 2 - 0 . 1 4 1
LITC 0 . 1 4 1 0 . 020
AU17 0 . 091 0 . 3 8 6
AS 50V - 0 . 1 9 9 0 . 566
AFAM - 0 . 4 0 8 - 0 . 0 6 9
ASPC 0 . 4 5 0 0 . 1 0 6
HISP - 0 . 0 5 8 - 0 . 0 5 8
L20K 0 . 075 - 0  . 34 4
G50K 0 . 19 0 - 0  . 543
RES 0 . 009 0 . 1 5 6
COM - 0 . 1 8 4 0 . 1 3 9
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Logistic Regression; Using “Median” to identify the high crashes locations
L i n k  F u n c t i o n :  L o g i t
R e s p o n s e  I n f o r m a t i o n
V a r i a b l e  V a l u e C o u n t
G r o u p  1 18 ( E v e n t )
0 18
T o t a l 36
L o g i s t i c  R e g r e s s i o n  'T a b l e
Odds  95% Cl
P r e d i c t o r  C o e f SE C o e f Z P R a t i o  L ow er U p p e r
C o n s t a n t  - 0 . 0 6 2 5 0 . 4 8 4 7 - 0 . 1 3  0 . 8 9 7
p c i  - 0 . 6 4 9 0 0 . 2 85 4 - 2 . 2 7  0 . 0 2 3 0 . 5 2  0 . 3 0 0 . 91
p c 4  0 . 9 9 1 6 0 . 4 6 8 7 2 . 1 2  0 . 0 3 4 2 . 7 0  1 . 0 8 6 . 75
p c 5  1 . 1 9 3 2 0 . 5966 2 . 0 0  0 . 0 4 6 3 . 3 0  1 . 0 2 10 . 62
p c 7  - 1 . 8 8 2 3 0 . 9 1 3 3 - 2 . 0 6  0 . 0 3 9 0 . 1 5  0 . 0 3 0 . 91
L o g - L i k e l i h o o d  = -1 4 . 2 2 6
T e s t  t h a t  a l l  s l o p e s a r e  z e r o :  G = 2 1 . 4 5 6 ,  DF = 4 ,  P - V a l u e  = 0 . 0 0 0
G o o d n e s s - o f - F i t  T e s t s
M e t h o d C h i - S q u a r e DF P
P e a r s o n 2 7 . 6 1 5 31 0 . 6 4 1
D e v i a n c e 2 8 . 4 5 1 31 0 . 5 9 8
H o sm er -L em es h o w 5 . 8 7 1 8 0 . 6 6 2
T a b l e  o f  O b s e r v e d  a n d  E x p e c t e d  F r e q u e n c i e s :
(S e e  H o s m e r - L e m e s h o w  T e s t  f o r  t h e  P e a r s o n  C h i - S q u a r e  S t a t i s t i c )
G r o u p
V a l u e 1 2 3 4 5 6 7 8 9 10
1
Obs 0 0 0 1 3 1 3 2 4 4
Exp 0 . 0 0 . 3 0 . 4 0 . 9 1 .  5 1 . 9 2 . 9 2 . 5 3 . 7 3 . 9
0
Obs 3 4 3 3 1 2 1 1 0 0
Exp 3 . 0 3 . 7 2 . 6 3 . 1 2 . 5 1 . 1 1 . 1 0 . 5 0 . 3 0 . 1
T o t a l 3 4 3 4 4 3 4 3 4 4
M e a s u r e s  o f  A s s o c i a t i o n :
( B e t w e e n  t h e  R e s p o n s e  V a r i a b l e  a n d  P r e d i c t e d  P r o b a b i l i t i e s )
P a i r s
C o n c o r d a n t
D i s c o r d a n t
T i e s
T o t a l
N um be r  P e r c e n t
295  91.0%
29  9.0%
0 0 . 0 %
324  100 .0%
Summary M e a s u r e s  
S o m e r s ' D
G o o d m a n - K r u s k a l  Gamma 
K e n d a l l ' s  T a u - a
T o t a l
18
18
36
0 . 8 2
0 . 8 2
0 . 4 2
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Logistic Regression: Using “Q3” to identify the high crashes locations
L i n k  F u n c t i o n :  L o g i t
R e s p o n s e  I n f o r m a t i o n
C o u n tV a r i a b l e  V a l u e  
G r o u p  1 8
0 28
T o t a l  36
L o g i s t i c  R e g r e s s i o n  T a b l e
( E v e n t )
Odds 95% Cl
P r e d i c t o r  C o e f SE C o e f Z P R a t i o Lower U p p e r
C o n s t a n t  - 2 . 1 8 1 2 0 . 7 7 5 9 - 2 . 8 1  0 . 0 0 5
p c 4  1 . 0 6 6 6 0 . 5327 2 . 0 0  0 . 0 4 5 2 . 91 1 .  02 8 . 2 5
p e l l  3 . 6 5 1 1 .  564 2 . 3 3  0 . 0 2 0 38 . 50 1 .  79 82 5. 88
L o g - L i k e l i h o o d  = - 1 2 . , 500
T e s t  t h a t  a l l  s l o p e s a r e  z e r o :  G = 1 3 . 1 4 0 ,  DF = 2 ,  P - V a l u e = 0 . 0 0 1
G o o d n e s s - o f - F i t  T e s t s
M e t h o d C h i - S q u a r e DF P
P e a r s o n 23 . 1 2 1 33 0 . 900
D e v i a n c e 2 4 . 9 9 9 33 0 . 840
H o sm e r -L e m e sh o w 1 .  808 8 0 . 986
T a b l e  o f  O b s e r v e d  a n d  E x p e c t e d  F r e q u e n c i e s  :
(S ee  H o s m e r - L e m e s h o w  T e s t  f o r  t h e  P e a r s o n  C h i - S q u a r e  S t a t i s t i c )
G r o u p
V a l u e 1 2 3 4 5 6 7 8 9 10 T o t a l
Obs 0 0 0 0 0 1 1 1 2 3 8
Exp 0 . 0 0 ,.0 0 .1  0 . 2 0 . 3  0 . 4 1 .  0 1 . 1 2 .2 2 . 8
Obs 3 4 3 4 4 2 3 2 2 1 28
Exp 3 .0 4 ,. 0 2 .9  3 . 8 3 . 7  2 . 6 3 . 0 1 .  9 1 .  8 1 . 2
T o t a l 3 4 3 4 4 3 4 3 4 4 36
M e a s u r e s o f A s s o c i a t i o n  :
( B e t w e e n t h e R e s p o n s e  V a r i a b l e  a n d P r e d i c t e d P r o b a b i l i t i e s ! 1
P a i r s Number P e r c e n t Summary M e a s u r e s
C o n c o r d a n t 198 88.4% S o m e r s ' D 0 . 77
D i s c o r d a n t 26 11.6% Go odm an- K r u s k a l Gamma 0 . 77
T i e s 0 0 . 0% K e n d a l l ' s  T a u - a 0 . 27
T o t a l 224 100 .0%
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Ordinal logistic regression: Using “K-S Normality Test” to identify the high,
Medium, and low crashes locations
L i n k  F u n c t i o n :  L o g i t
R e s p o n s e  I n f o r m a t i o n
V a r i a b l e  V a l u e  
G r o u p  0
1 
2
T o t a l
C o u n t
8
22
6
36
L o g i s t i c  R e g r e s s i o n  T a b l e
Odds
P r e d i c t o r C o e f SE C oe f Z P R a t i o L o w e r
C o n s t (1) - 1 .6 0 9 8 0.4847 - 3 . 3 2  0 . 0 0 1
C o n s t (2) 2 . 1 9 6 0 0 . 5 7 7 6 3 . 8 0  0 . 0 0 0
p c i 0 . 3 8 3 2 0 . 1 9 5 4 1 . 9 6  0 . 0 5 0  1 . 4 7 1 . 0 0
p c4 -0 . 8 9 5 7 0 . 3 2 0 3 - 2 . 8 0  0 . 0 0 5  0 . 4 1 0 . 22
L o g - l i k e l i h o o d  = - 2 7 . 2 7 4
T e s t  t h a t  a l l  s l o p e s  a r e z e r o  : G = 1 2 . 6 8 7 ,  DF = 2 ,  P - V a l u e = 0 . 0 0 2
G o o d n e s s - o f - F i t  T e s t s
M e t h o d C h i - S q u a r e DF P
P e a r s o n 7 0 . 709 68 0 . 3 8 7
D e v i a n c e 54.549 68 0 . 8 8 1
M e a s u r e s  o f A s s o c i a t i o n  :
( B e t w e e n  t h e : R e s p o n s e  V a r i a b l e  a n d P r e d i c t e d  P r o b a b i l i t i e s )
P a i r s Number P e r c e n t Summary  M e a s u r e s
C o n c o r d a n t 280 78 . 7% S o m e r s ' D 0 . 5 8
D i s c o r d a n t 75 21 .1% G o o d m a n - K r u s k a l  Gamma 0 . 5 8
T i e s 1 0.3% K e n d a l l ' s  T a u - a 0 . 3 3
T o t a l 356 10 0 .0%
95% Cl
U p p e r
2 . 15  
0 . 76
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